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THE data given below have been collected in continuation of two earlier 
studies (Kennaway and Kennaway, 1936, 1947). Stocks (1936, 1947) has com- 
pared the death rates from cancer of the lung in males during the years 1921 to 
1930 in London, and in the County Boroughs, Other Urban Districts, and Rural 
Districts of England and Wales, and has shown that the rate increased with 
increasing urban conditions.* The same method has now been applied to the 
data, for both sexes (Table II), of a later period (1946 to 1949), when a great 
increase in deaths attributed to cancer of the lung has taken place. As recently 
as 1929 the numbers of cancers of the larynx, and of the lung, in males, were 
about equal (Table I); since then, deaths attributed to the latter have increased 
enormously. The association between smoking and cancer of the lung described 
by Doll and Bradford Hill (1950) and others, has increased the interest of such 
data. 


TaBLE I.—Changes in Mortality from Cancer of Lung and of Larynx, England 
and Wales (Registrar-General, Statistical Reviews). 


Deaths. 


eee te ee ee ee om 


Cancer of larynx. Cancer of lung. 
_— CE, 
Men. Women. Men. Women. 
1921 - ‘ : : 641 138 : 361 186 
1929 ‘ ‘ ; : 831 230 ‘ 849 359 


1949 . ; i ‘ 813 284 . 9,327 1,945 


The incidence of cancer of the lung in this later period (Table II) shows a 
similar increase in the more urban districts which reaches its highest level in 
London, and is greater for men than for women. 


* The County Boroughs of England and Wales, 83 in number, are towns outside the jurisdiction 
of the County Councils ; their populations range, in round numbers, from 25,000 to 1 million. ‘An 
Urban District comprises a town or a small area more or less densely populated, and a Rural District 
takes in several country parishes.”’ (‘ Statesman’s Year Book,’ 1950, p. 55.) 
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Cancer of the larynx shows the same type of difference in men ; in women the 
correlation is reversed, but shows a less regular order in that the County Boroughs 
tend to come between the Other Urban and Rural Districts. At present no 
explanation is apparent of the greater number of deaths attributed to this form 
of cancer in women in country districts. 

In all comparisons of the incidence of cancer of the lung and larynx in town 
and country, one must consider several possible factors, namely (a) smoking 
habits, (5) facilities for diagnosis and treatment, (c) age distribution, and (d) atmos- 
pheric pollution. Cancer of the larynx appears to have been unaffected by the 


great increase in consumption of tobacco by both sexes in the last twenty years 
(Table IV). The number of deaths in males in recent years is not very different 
from that in the period 1925 to 1930, though there was a higher plateau during 
1934 to 1943 (over 900 in 8 out of 10 years) and in the rates per million during 
1939 to 1945 (see brackets in Table IV.) The latter change may be due to the 
removal of younger men from the civilian category to which these figures refer. 


TaBLE IV.—Cancer of Larynx : Deaths and Rates per Million. (Registrar- 
General, Statistical Reviews.) 
Males. Females. 
ne —" ou —_ 
Crude Crude 
death Standardized death Standardized 
rate per mortality rate per mortality 
Deaths. million. per million. Deaths. million, per million, 


1921-30 . — — 31°3 — — qi 








212 
201 
227 
230 
265 
247 
229 
236 
243 
224 
275 
232 
259 


1926 é 831 33° 
27 : 809 
28 ; 831 
29 : 831 

1930 ; 852 
3l ‘ 870 
32 ‘ 866 
33 : 882 
34 ‘ 902 
35 ‘ 903 
36 ‘ 916 
37 : 918 
38 ‘ 887 
39 ‘ 929 280 

1940 , 903 . 267 
41 ; 929 é ° 269 
42 : 857 ‘ 255 
43 : 972 , 281 
44 ° 852 ‘ 280 
45 ‘ 841 é ‘ 279 
46 ‘ 867 . 265 
47 . 798 ° 289 
48 ; 868 ° 292 
49 . 836 ° 294 
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In women there has been no definite change in the totals in the period 1936 to 
1949. The crude death rate for males has been falling in recent years (1946 to 
1949) and in view of the ageing population this indicates an actual decrease in 
the incidence ; the death rate for females has been remarkably constant since 
1935. These considerations show that the pooling of data for the larynx and 
lung under any such heading as “respiratory system’”’ is very undesirable. 
The standardized death rates show no perceptible difference in either sex between 
the figures for the 14 years 1926 to 1939 immediately preceding the war, and the 
means for the period 1921 to 1930. Since 1942 standardized death rates have been 
superseded by comparative mortality indices, which compare the death rate in 
each year with that of 1938. 
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Fic. 1.—Anatomical and Sexual Distribution of Cancer of the Larynx. 
S.—Semon. 1878-1906. Ex—.Extrinsic. 
B.—St. Bartholomew’s Hospital. 1935-1950. Int.—Intrinsic. 


The incidence of cancer of the larynx is high (Kennaway and Kennaway, 
1936, 1947) among those engaged in the retail supply of alcohol (barmen, cellarmen, 
licensed victuallers), and hence a decrease among men in recent years might be 
associated with the high cost of strong alcoholic drinks and the greater dilution 


of others. 


The Anatomical and Social Distribution of Cancer of the Larynx. 


In 1907 Semon published an analysis of the anatomical localization of 212 
cases of cancer of the larynx in his own private practice during 1878 to 1906. 
In view of the considerable social changes since that time, and of the adoption 
of smoking by women, it seemed of interest to compare this series with one of 
recent date (Table V). For this purpose Dr. R. B. Terry has tabulated the 
material of St. Bartholomew’s Hospital for the years 1935 to 1950. No one who 
reads Semon’s very interesting autobiography (1926) will doubt that his private 
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patients were of the higher social classes; the customs of his time allotted his 
operable hospital patients to other surgeons. The twoseries, and that of Thomson 
and Colledge (1930, p. 8), agree very closely in the sexual incidence of both types of 
tumour (Table V,Columns B and D), but in Semon’s (1907) series intrinsic cancers 
form, in both sexes, a higher proportion of all laryngeal cancers than they do in the 
later series from this Hospital (Table V, Column G), and the two sexes have been 
affected by this change in about the same degree (Fig. 1). The male laryngeal cancers 
are tending towards the condition shown by the female, where the percentage 
of extrinsic is greater than that of intrinsic ; it is impossible to say whether this 
is due to a change in the whole population during the intervening thirty years, 
or whether it is a consequence of the difference in social status. Also we cannot 
say whether a change has occurred in either, or both, of the components of this 
percentage. Further data on this subject would be of great interest. 


TaBLE V.—Anatomical Distribution of Cancer of the Larynx. 

Intrinsic. Extrinsic. Total. Intrinsic 

——_rcauau eo per cent. 

Number. Per cent. Number. Per cent. Number. Per cent. of total 

A. B. Cc. D. E. F, G. 
Semon, 1878-1906 : 

Male . =: 124 3 . 88 70-0 =. «(177 83-5 . 70 =2-04 

Female . . BS *8 ° 23 30-0 . 35 16-6 . 34-3 = 1-0 

(18 post-cricoid). 


Total . . 136 100-0 “ 76 100-0 - 213 100- 
St. Bartholomew's Hospital, 1935-1950 : 
Male ° - 95 91-4 74- 
Female . . ® 8-6 ‘ 31 25-6 


Total . - 104 100-0 ° 121 100-0 


Thomson and Colledge, 1930. Endo-laryngeal carcinoma, operable : 
Male . 94 
Female . - & 10-5 


Total . - 105 


The data at present available on the social incidence of cancer of the larynx 
show a gradient which is steep in men and absent in women (Table VI). The 
figures on this matter obtained by the Census of 1951 will be of great interest. 


TaBLE VI.—Social Incidence of Cancer of the Larynx, England and Wales. 
(Registrar-General, 1927, 1938.) 


Registered per cent of calculated deaths. 
—_ ncinamitecitiiienmnaniasnnetaninta 


Social class. a II. " IV. 
Men, 1921-23, age 20-65 ‘ 7: 96 : 96 
1930-32, age 35-65 . 0 90 143 





Married 
women ms ss : (55) 115 95 104 102 


These differences in the anatomical, social and geographical distribution of 
cancer of the larynx in men, and in women, show that these two must be regarded 
as, to a large extent, different diseases ; any statistics in which they are pooled 
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are of no value. The larynx is a secondary sexual organ, hence such differences 
are not surprising. . 

We have obtained, through the kindness of the Registrar-General, figures for 
the standard mortality ratio for cancer of the larynx in women in the 12 districts 
of England and Wales (London; Rest of South-East; North I, II, III, IV; 
Midland I, II ; East ; South-West ; Wales I, II) which are used in the ‘ Statistical 
Reviews.’ These are of considerable interest, as there are large differences 
between different areas. 


SUMMARY. 


(1) The incidence of cancer of the lung in both sexes, and of cancer of the 
larynx in men, is higher in urban than in rural districts ; cancer of the larynx in 
women shows the reverse relationship. 

(2) Some new data are given upon the anatomical distribution of cancer of 
the larynx in men and women. 

(3) Twenty years ago cancer of the larynx showed a steep social gradient in 
men, being more frequent in the lower social classes, while in married women no 
such difference was found. 

(4) In contrast to cancer of the lung, the prevalence of cancer of the larynx 
appears to be decreasing in men, and to have been stationary for the last 15 years 
in women. Hence the increased consumption of tobacco in recent years has not 
affected this form of cancer. 

(5) Thus cancer of the larynx in men, and in women, differs in geographical, 
anatomical and social distribution, and in changing prevalence at the present 
time, and should be regarded as constituting two separate diseases. 

(6) The sexual distribution of intrinsic and extrinsic cancer of the larynx 
appears to be changing. 


We are greatly indebted to Dr. W. P. D. Logan and Mr. P. A. Phillips, of the 
General Register Office, for a large part of the material contained in this paper, 
for help in the preparation of it, and for advice upon many matters. We are very 
grateful also to Dr. R. B. Terry for his valuable collection of data from the records 
of this Hospital. This investigation has been supported by generous grants 
from the British Empire Cancer Campaign and the Anna Fuller Fund. 


REFERENCES. 


Dotti, R., anD Braprorp Hix, A.—(1950) Brit. med. J., ii, 739. 

Kennaway, N. M., anp Kennaway, E. L.—(1936) J. Hyg., 36, 236. 

Kennaway, E. L., anp Kennaway, N. M.—(1947) Brit. J. Cancer, 1, 260. 

REGISTRAR-GENERAL.—(1927) Decennial Supplement, England and Wales, 1921. 
London (H.M. Stationery Office).—(1938) Decennial Supplement, England and 
Wales, 1931. London (H.M. Stationery Office).—Statiatical Review of England 
and Wales: Tables. Part I—Medical. London (H.M. Stationery Office). 

Semon, F.—(1907) Brit. med. J., i, 241.—(1926) ‘The Autobiography of Sir Felix 
Semon,’ ed. H. C. Semon and T. A. McIntyre. London (Jarrolds). 

Stocks, P.—(1936) Ann. Rep. Brit. Emp. Cancer Campgn, 13, 239.—(1947) ‘ Regional 
and Local Differences in Cancer Death Rates.’ London (H.M. Stationery Office). 

Tuomson, St C., anp CoLLEDGE, L.—(1930) ‘ Cancer of the Larynx.’ London (Kegan 
Paul). 





THE SOCIAL DISTRIBUTION OF CANCER IN COPENHAGEN, 
1943 TO 1947. 


J. CLEMMESEN anp A. NIELSEN. 


From the Danish Cancer Registry under the National Anti-Cancer League, 
Copenhagen, Denmark. 


Received for publication April 30, 1951. 


IN comparing mortality figures for cancer from various countries for the years 
around 1938, Clemmesen and Busk (1947a, 19476, 19484, 1949a, 19495) found 
that while Denmark ranked third for total mortality from cancer, her figures 
for females were highest among the countries investigated, surpassing even 
Switzerland and England, for which countries the total mortality was higher. It 
appeared that the high mortality figures for Danish women were caused primarily 
by a high mortality from cancers of “ accessible site.” 

From figures given in the series of articles quoted, it is seen that the incidence 
of cancer as expressed by the figures from the Danish Cancer Registry for 1942 
to 1944 was higher for Copenhagen than for the provincial towns, which in their 
turn exceeded the incidence for rural areas. Consequently, in the following 
paper the incidence of cancer in Copenhagen will be studied separately, with 
particular reference to social conditions, social class being expressed in terms of 
annual house rent for various subdistricts of Greater Copenhagen. 

It is an established fact that expenditure on housing is a more reliable indicator 
of the social status of a family than the annual income of the breadwinner. The 
level of house rent in Copenhagen was fixed during the period studied, and the 
wartime shortage of housing which prevailed during the entire period must have 
restricted the number of changes of residence. Hence several factors working 
together tended to stabilize some of the variables which would be inclined to 
disturb a study such as this. 

The City of Copenhagen, the capital of Denmark, has one million inhabitants, 
that is, about a quarter of the total for the whole country. Another million live 
in the provincial towns, and two millions in rural areas. 

Medical facilities in Copenhagen left very little to be desired during the period 
examined, in spite of current political and military events. The hospital system 
had been developed for decades with the purpose of giving to every citizen full 
access to first-class medical attention in hospital at a cost of 1°20 krone a day, 
1 krone equalling about 1 shilling. For about 72 per cent of the population even 
this cost would be borne by the health insurance system. The greater part of 
the hospitals are closed hospitals run by the municipal authorities of the City of 
Copenhagen and of the boroughs mentioned later so that the activities of the 
hospitals, with a single exception, are limited by the borders of the municipalities. 
Radiological treatment of cancer is largely centralized in the Radiumstation run 
by the Anti-Cancer League, and which serves the entire island of Sjaelland. 
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The reference of cases of cancer to distinct geographical location has, however, 
in the present study been made without regard to the place of treatment. Infor- 
mation on cases was collected by the Cancer Registry, and each case was referred 
to the subdistrict corresponding to the address of the patient when first seen in 
hospital for cancer. The Cancer Registry collects notifications from hospitals 
all over Denmark of all cases of cancer seen, and separately of all post-mortem 
examinations performed on cases of cancer. For patients not entering hospitals 
it is assumed that death certificates will give sufficient information, but it will 
appear that such cases amount to rather insignificant numbers in Copenhagen. 
Further details of the activities of the Danish Cancer Registry have been given 
elsewhere by Clemmesen and Busk (1948), 1948c) Clemmesen, Busk and Nielsen 
(1949), and Clemmesen (1950, 1951). 

The subdivision of the Greater Copenhagen area into 22 subdistricts used 
for the present study had originally been worked out for various administrative 
purposes, and proved useful because detailed figures for the distribution of the 
population by age were available for each subdistrict. The wealthy boroughs of 
Frederiksberg and Gentofte had, however, to be treated as separate entities 
because ot the absence of such information for their subdistricts. After a careful 
analysis of the figures for each site of cancer in each of the 22 subdistricts, it 
became possible to collect subdistricts within the same range of house rent into 
five major classes or “ districts.” However, the average annual house rent of 
each subdistrict is given together with the relative values for cervical, mammary 
and pulmonary cancer in Table V. 

In order to describe the material from a medical point of view Table I has been 
worked out. With regard to these special sites of cancer a high percentage of 
histological examinations seems to indicate a high reliability of the diagnosis, 
even if it has no absolute validity in this respect. 


TaBLeE I.—Carcinomata in Copenhagen, 1943 to 1947. 


Histological 
Treated in examination 
of cases Radium- % of 
(total). station. hospital 
All carcinomata : cases. 


Males ‘ , ‘ 5129 ° 4631 (90-3%) ° ~- ‘ — 
Females . ; is 7408 . 6536 (88-2%) ° --- . — 
Cervix ‘ ‘ ‘ 1121 ‘ 1119 (99-8%) : 1015 . 95 
Corpus. ‘ . 303 ‘ 302 (99-7%) ‘ 178 - 92 
Non-specified . ‘ 60 . 18 (30%) 3 2 . 50 
Breast (female) , 1633 ‘ 1513 (93%) ‘ 692 ‘ 88 
Lung (male) . ‘ 670 ; 616 (91-9%) . 68 : 65 


Number Treated in 


hospital. 


To workers accustomed to the enormous volume of mortality statistics from 
large countries, the Copenhagen total of 5129 male and 7408 female cases of 
carcinoma may seem negligible, but it must be borne in mind that large amounts 
of material are just substitutes for smaller amounts collected with accuracy. 


STATISTICAL METHODS. 
The principle of the method employed is a comparison between the number 
of cases observed and the frequency we would expect if the cases of cancer were 
evenly distributed over the entire Copenhagen area. In this way we have 
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avoided that the differences existing in age distribution of the population in the 
various subdistricts should influence our results. 

The method is as follows : 

We denote by o,, the observed number of persons within the subdistrict v 
developing cancer in the whole period considered and belonging to the age group 
s. Further we denote by o., the total observed number in the whole of Greater 
Copenhagen and belonging to the age group s. By o,. we denote the observed 
number in subdistrict v comprising all age groups. 

By L we denote the total number of person-years of exposure, and by ¢ the 
computed number of persons developing cancer. Addition of the subscripts v 
and s to LZ and C has the same meaning as described for O. 

If the morbidity from cancer were identical for all subdistricts of the town, 
we would expect the number of cancer cases at a given age to be distributed on 
the subdistricts in the same manner as the number of person-years of exposure 
for a given age. Consequently we obtain the computed number c,, from the 
equation— 

L 


vs 
Cos = Ovg ) Why 
+8 


and this number should be compared with the observed number 0,,. 

Now the number 0,, is usually small; we therefore take this number for all 
age groups and make the comparison for all of them at the same time. Thus 
we find the number c,. from the equation— 


Cy. = 20.5 (7), 


and compare it with o,. 

This method can be regarded as a comparison of the observed distribution 0,. 
according to subdistrict with the hypothetical distribution c,. To test the signi- 
ficance of the difference between the two distributions we can therefore use the 
x*-test (Cramer, ‘Mathematical Methods of Statistics,’ chapter 30, 1). 

The value of x? is computed by the formula— 

Oo. — Cy.)* 
vs ¢ = ' 
™ 
where the degree of freedom f = n —1, n being the number of subdistricts, since 
we have 


It should be stated that computations have been carried out to ensure that 
the distribution of the various cancers according to district is the same for all 
quinquennial age groups, but this result is not given in tables or graphs. 


Table ITI gives the percentage distribution by age of the population = for each 


of the five districts or classes of subdistricts, and Table IV gives the corresponding 
morbidity rates ri for cancer cases. In Table V the average annual house rent 
is given for each single subdistrict, as well as for the five districts. Corres- 
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pondingly the incidence of cervical, mammary and pulmonary cancer is 
given as a percentage of the values computed for each subdistrict, with full 


allowance for differences in age distribution of the population or. Table VI 


gives the corresponding values for all the more important sites of cancer, but for 
the five districts only, and Table VII a survey of the incidence of cervical cancer 
in Danish towns and country. 
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Fic. 1.—The Danish Cancer Registry. Greater Copenhagen, 1943 to 1947. Standardized 
incidence of cancer in districts of different rent. Various sites. 


A graphical orientation of the results will be found in the graphs of Fig. 1, 2 
and 3, which illustrate the incidence of cancers of the more important sites, 
expressed as a percentage of the values expected after full allowance for 
differences in the distribution by age of the population. 


Uterine cancer. 


The observation that the married state increases the number of uterine 
cancers dates back to Stern (1844). Later observers have been inclined to 
interpret their results as indicating that childbearing was the main predisposing 
factor in the development of uterine cancer. 
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The latter problem has been dealt with in detail elsewhere (Clemmesen, 1951). 
According to the Registrar-General (1938, p. 48) deaths from uterine cancer in 
England and Wales, 1930 to 1932, increase in frequency down the social scale in 
proportion to the number of births, but ‘“‘ the existence of a similar though not 
so steep gradient of mortality according to social class among single women 
would seem to show that other important factors than childbearing are involved.” 

It is impossible from mortality statistics alone to refute the assumption that 
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Fic. 2.—The Danish Cancer Registry. Greater Copenhagen, 1943 to 1947. Standardized 
incidence of cancer in districts of different rent. Various sites. 


this higher mortality among the single women of the poorer classes may be 
caused, for instance, by neglecting to seek prompt medical attention, even if the 
real incidence of the disease might be the same for single women of all social 
strata. However, by means of the present incidence figures, subdivided into 
cervical and corpus cancers, with only 4 per cent of unspecified cases, we are in 
a position to confirm the reality of social variations in the frequency of uterine 
cancer and to ascribe them to cervical cancer, while no statistically significant 
variation is demonstrable in the occurrence of cancer of the uterine corpus. 

The significant difference between the frequency of 50 per cent of the expected 
value for District I and the 131 per cent found for District V is not the only 
indication of the reliability of the results. Also the pronounced parallelism 
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between the social status of the various subdistricts and the incidence of cervical 
cancer demonstrated in Table V is striking to anybody familiar with the city. 
The irregularity presented by District II, which mainly consists of the borough 
of Frederiksberg, showing an unexpectedly high frequency of cervical cancer, 
can by no means be ascribed to a particularly high birth rate in the borough, 
since this rate is lower than for Gentofte, and also lower than the average for the 


» 1Oand 12 
hectares 


y a 


60 


ey, iy : 





Fic. 3.—The Danish Cancer Registry. Greater Copenhagen, 1943 to 1947—22 sub-districts. 
Cervix uteri. Average annual incidence per 10,000 women standard population given as 
dots per 10 hectares inhabited area and as per cent of average. 


rest of the city (Clemmesen, 1951). Frederiksberg, being primarily a quarter 
of retired people on pension or with small fortunes, does also contain factory 
quarters, and this heterogeneity may to some extent explain the irregularity. 
Also a tendency to spend relatively more on house rent than on the other neces- 
sities of life would explain the irregularity displayed by Frederiksberg with regard 
to cervical cancer. : 

It would seem reasonable to suggest lack of hygiene as a predisposing factor. 
However, this assumption seems to lose its value when it is realized that the 
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TaBLeE II.—Cervical Cancer in Copenhagen 1943 to 1947. 
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TaBLeE III.—Percentage Distribution of Population on Districts of Quinquennial 
Age Classes. Copenhagen, 1943 to 1947. 
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incidence of cervical cancer in the population of rural areas shows about the same 
value—i.e., 50 per cent of the average for Copenhagen—as the wealthy borough 
of Gentofte (Table VII). 


TaBLE 1V.—Morbidity per 10,000 Living. Cancer of Various Sites. 
Copenhagen, 1943 to 1947. 
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The assumption can be dismissed at once that a difference of this size may be 
due to less efficient notification of cases from rural areas. From these areas 
patients with cervical cancer are centralized for treatment in the Radiumstations 
of the Anti-Cancer League, situated in the towns of Copenhagen, Aarhus and 
Odense. The incidence of cervical cancer for provincial towns is intermediate 
between that for the capital and that for the rural areas. 

Returning to the question about the influence of married life on the frequency 
of cervical cancer and the quotation opening this section, we have analyzed the 
variations in incidence of cervical cancer for the five districts separately for 
women never married, and for women married, widowed or divorced. 

It will be evident that the range in variation of the ratio observed/computed 
for cervical cancer is wider for women never married than for women married, 
widowed or divorced. 

The fact that there is a steeper gradient for the incidence of cervical cancer 
according to social class for women never married cannot be taken as any reliable 
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indication either way of the influence of childbirth on the incidence of cervical 
cancer, since it is a justifiable assumption that the number of illegitimate children 
and of abortions is higher for the lower social level. Only studies of the social 
distribution of cervical cancer among childless women undertaken with due 
attention to their pregnancy histories will be able to produce a direct answer to 
this question. 

The parallelism often found between the frequencies of births and of uterine 
cancer has suggested to some authors a causative relation between the two. 


TaBLE V.—Distribution of Cancer Incidence in Copenhagen, 1943-1947, on Sub- 
districts of Various House Rent given as per cent of Standardized Average Value 
for Greater Copenhagen. 


Cervies! cancer Female mammary Male pulmonary 


District House rent, an ane eanh aff cancer cancer 
— 1940. ak x 0 as per cent of as per cent of 
computed value. : , 
computed value. average value, 
1: 1440 Kr. ; ° ‘ 50 ‘ 93 , 66 
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Bronshoj . - m_ 855 ‘ 69 , 96 , 101 
Amagerbro, etc. . r 855 ‘ 60 ‘ 116 . 89 
IV : 750-850 Kr. ‘ : 100 : 94 : 97 
Sundbyoster 8. . ui 820 : 83 , 105 ; 86 
Husum . ‘ l 810 . 106 R 63 ‘ 68 
Valby ; ; & 805 ‘ 94 , 112 ‘ 109 
Sundbyvester . s+ me ‘ 119 ° 95 , 110 
Kongens Enghave h _ 765 ‘ 100 ‘ 75 , 156 
Utterslev N . oOo 765 . 104 ‘ 80 . 72 
V: 645-750 Kr. ‘ ° 131 , 92 ; 116 
Utterslev 8 . n 730 ; 115 ‘ 108 ‘ —— 
Old City a 710 ‘ 154 ‘ 101 ‘ 120 
Outer Norrebro f 675 ‘ 117 ‘ 85 ’ 119 
Sundbyester N t 670 ° 126 ‘ 88 ‘ 112 
Christianshavn b 655 . 190 ‘ 134 ; 92 
Vesterbro zg 655 ° 132 . 90 ‘ 106 
Inner Norrebro e 645 ° 127 , 86 , 121 


It would seem possible, however, that the social grading of the incidence of 
cervical cancer is governed not by births, but perhaps by pregnancies, in which 
case abortions could be reckoned to play their part. It should be noticed that 
the latter possibility allows the assumption of a part played by hormones in the 
aetiology of cervical cancer, while the former would tend to make mechanical 
injury a primary cause. Apart from the assumption that pregnancy has any 
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connection with the development of cancer, it should be pointed out that the 
occurrence of cervical cancer in virgins is questionable. Cases have been pub- 
lished of cervical cancer in children (Heckel, 1950), but these have been adeno- 
carcinomata, so that it may be desirable in statistical work to separate this group 
from squamous cell cancers of the cervix. The present material is known to 
comprise 36 such cases, evenly distributed throughout the city. 


Mammary cancer. 

As recently discussed by one of us (Clemmesen, 1951), and as observed 
originally by Stern as early as 1844, there is an inverse relation between the 
frequency of uterine and mammary cancer. While the uterine cancer—that is, 
the cervical form—increases in frequency with marriage, mammary cancer, 
according to Stern (1844) will decrease in frequency with marriage. This 
inverse relationship tends to appear also in the present study, although 
not with invariable certainty. It will be seen that the wealthy District I is on 
the same low level as District V with regard to mammary cancer, although its 
birthrate is below the average for Greater Copenhagen (Clemmesen, 1951). 

There is, however, a slight overall gradient opposite to the gradient for cervical 


cancer. 


Pulmonary cancer. 
It was demonstrated in a paper by Clemmesen and Busk (1947c) that even 
if lung carcinoma as a cause of death had tripled in the city of Copenhagen during 


the years 1936 to 1945, no corresponding increase was demonstrable in the data 
of the Central Tuberculosis Station for Copenhagen. There seemed to be a steep 
increase in the figures for those very years, when lung surgery and bronchoscopy 
were introduced. The authors concluded that no increase had been demonstrated 
which could not be explained through improvements of diagnostic facilities. 


TaBLE VII.—Cancer Colli Uteri. Morbidity per 10,000 Living. 
Denmark, 1943 to 1947. 
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However, it appears from the histogram (Fig. 1) that male lung cancer shows 
an increase in frequency with lower social level. It is striking that the same 
irregularity appears for District II, as was the case for cervical cancer, for which 
site there is other evidence of a social difference in frequency. 
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Gastric cancer. 

The decennial report of the English Registrar-General (1927, 1938) will be 
remembered as having demonstrated a marked social gradient for mortality from 
gastric cancer. A similar gradient is found in the present material, although its 
degree of significance does not lend any solid support to its reality, considering 
the difficulties involved in making this diagnosis. Contrary to the English 
findings there is no opposite tendency for intestinal cancers to occur with higher 
frequency in the upper classes. 


SUMMARY. 


The incidence of various sites of cancer in Copenhagen for the years 1943 to 
1947 is studied on the basis of the files of the Danish Cancer Registry. Cervical 
cancer shows a clear tendency to occur more often in the poorer classes both among 
married women and women never married. A similar tendency is demonstrated 
for cancer of the lung in males, while female mammary cancer shows a less pro- 
nounced tendency in the opposite direction. 


The authors’ thanks are due to the King Christian X Fund for a grant in 
support of the present study. 
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THE present study originated from the observation that atherosclerotic 
lesions found at post-mortem examination of the aorta and coronary arteries 
of patients suffering from malignant diseases appeared to be less pronounced 
than similar lesions found in persons not suffering from these diseases. 

Consequently, the autopsies performed on cases of carcinoma in the two 
hospitals, “‘ The Old People’s Town ”’ and “ Norre Hospital,’ have been counted 
and compared with a control material of autopsies from the same institutes and 


TABLE I. 
Atherosclerosis among Atherosclerosis among 
365 Male Cancer Autopsies. 414 Male Control Autopsies. 


Degree :— I. Il. II. IV. Total. ; Ii, I. IV. Total, P.* 


Age. 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
80-89 
90-99 


0 0 
1 0 
9 7 
12 19 
31 49 
19 63 
10 34 
0 5 


0 
0 
6 


-_--— 
—wSOonmNwow~ 


43 
57 j 1 
12 49 1 


0 
0 
0 
19 0 
2 
4 
5 
1 2 3 
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Atherosclerosis among Atherosclerosis among 
457 Female Cancer Autopsies. 599 Female Control Autopsies. 


Degree :— I. Il. I. IV. Total. ° II, II. IV. Total. P.* 


Age. 
20-29 . 1 0 0 2 . 0 0 0 3 
30-39 . 17 1 18 ‘ . 2 1 0 11 
40-49 . 26 14 y 0 42 ; ‘ 7 3 0 15 
50-59 . 19 22 0 49 : j 2é 16 3 50 
60-69 . 10 41 27 1 79 ‘ . 40 58 27 126 
70-79 . 6 37 91 8 142 ; : 3 21 82 89 195 
80-89 . 2 22 63 25 112 ‘ a 23 59 81 164 
90-99 . 0 2 7 4 13 ‘ . 1 12 22 35 


* The probability, P, that the distribution according to degree of atherosclerotic lesions found 
at autopsies of cancer patients is identical with the distribution by degree for lesions found at the 
control autopsies is signified by: Nosign5percent <P; +1 percent < P< 5percent; { P< 0-lper 
cent. 
The difference between the two distributions, according to degree of atherosclerosis, has been 
tested with the z* test for each age-group separately. Only in age-group containing few cases no 
difference was demonstrated. 
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performed on non-cancerous persons of corresponding age classes. Cases in which 
atherosclerosis or its effects were of primary importance, as for instance athero- 
sclerotic aneurysms, were excluded, together with cases of syphilitic aortitis or 
aortic rupture. This exclusion was considered defensible, since it would work 
against the proof of the thesis proposed. 


Males Females 


100 - © aia 
i fy J 


/- Degree 0, Ml and IY 





Percent _ 
ror) 
So 


> 
= 








| J 





‘ x— 
f Degree and WV x pe ree and o 
fA peers | l Lt id | 





60 - 


- 
¢ 


ow 
f 


a a Pal var 
20 ore”, Degree IV oa Iv 
20 40 60 80 100 80 100 
Pe 
Fie. 1.—Age distribution of 365 male and 457 female cancer autopsies and of 414 male and 599 
female control autopsies with atherosclerosis of various degrees. 


Cancer autopsies, x — 
Control autopsies, O 


= 











All autopsies were performed by the same pathologist (O. W.), and all diagnoses 
histologically verified ; thus the classification of lesions by degree, though depen- 
dent on personal judgment, has been carried out as uniformly as possible. 

Degree I signifies slight lesions in aortas or coronary arteries in which the 
intima is quite smooth, or at the most shows small and scattered atheromatotic 


patches in the aorta, mainly in the abdominal part. The elasticity of the vessels 
is intact in this category. 
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Degree II signifies a slight atheromatosis evenly distributed through the 
vessels but without ulcerations of the intima, and at the most, patchy calcification, 
with only slight reduction of the elasticity of the vessels. 

Degree III signifies heavy atheromatous lesions with ulcerations and extensive 
calcification, but without affection of the ascending part of the aorta and without 
stenosis of the coronaries. 

Degree IV signifies the heaviest atherosclerotic lesions with calcification of 
the entire aorta, and with transformation of the coronaries to stiff and narrow, 
chalky pipes without elasticity. 

The number of cases pertaining to each degree of lesion and distributed by 
age and sex has been given in Table I for cases of carcinoma and for control 
cases. 

The diagrams indicate the percentage of cases in each age-group belonging to 
the degree of lesion in question (Fig. 1). 

It is evident from both Table I and Fig. 1 that there is a pronounced difference 
in degree of atherosclerotic lesions found between patients suffering from car- 
cinoma and patients dying without this affection. 

It would seem premature to propound detailed theories as to the causes of 
this phenomenon. It is scarcely possible with our present knowledge to speak 
of a predisposition either to develop a cancer or to avoid the same. If such pre- 
dispositions are out of question, we must assume that the two diseases influence 
one another ; and it seems easier to assume that carcinoma influences the exten- 
sion of the atherosclerotic lesion than the reverse. 


SUMMARY. 

Based on material from 1835 autopsies, the authors demonstrate that athero- 
sclerotic lesions are less pronounced in patients suffering from carcinoma than 
among non-cancerous persons. It is assumed that it is the presence of carcinoma 
which influences the atherosclerotic lesion. 
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In considering the heavy mortalities from gastric cancer that exist in the 
counties of northern and western Wales (Stocks, 1936), the writer wondered 
whether mortality was uniform over the area, or whether there were marked 
local variations within it. He therefore carried out an analysis of mortalities 
from cancers of the duodenum, pylorus and the rest of the stomach for all Wales 
on the basis of rural districts. 


Statistical. 
For the aggregate of Welsh rural districts (3555 deaths), average mortalities 
were calculated for five age-groups, separately for males and females. 


For each individual rural district an expected mortality was calculated 
according to the age and sex distribution of its population, from the average 
mortalities. 

The actual mortality of each rural district was then expressed as a percentage 
of its expected mortality. This percentage is referred to as the ‘“ mortality 
ratio.” The result of this work is given in Fig. 1. 


Geographical. 

It appears that the only constant geographical association is with conditions 
of soil drainage and organic content. This is in agreement with the findings 
of the early workers in the field of geographical variations of cancer prevalence 
(Monsarrat, 1900). 

If the rural districts which have mortality ratios of under 85 per cent be con- 
sidered, it is found that such soil analyses as have been published, and the indi- 
cations of climate, relief, lithology and vegetation, all point to relatively good 
drainage and the absence of peaty soil conditions : whereas in the rural districts 
with mortality ratios of over 115 per cent these considerations point to the 
widespread occurrence of peat. 

In the following consideration of the individual cases marked in Fig. 1 
the actual mortalities are given. In cases where the actual mortality is not 
significantly different from the expected mortality, the words “ not significant ”’ 
follow the actual mortality figure. 

A, B. The low-mortality rural districts of St. Asaph (32 deaths, not significant) 
and Overton (11 deaths) are sheltered lowland areas of light rainfall (less than 
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30 inches per annum), are on the relatively permeable Bunter sandstone, though this 
is largely masked by glacial deposits, and their pastures do not show infestation 
by rushes. There is a small area of peat in Overton (Fenn’s Moss), but this has 
not been brought under cultivation. 
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Fig. 1. 


Mortalities from gastric cancer in the rural districts of Wales (including Monmouth), 1939-48, 
standardized for age and sex. 
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c. The low-mortality Ceiriog Rural District (23 deaths) consists in the main 
of sloping land on the sheltered eastern flank of the Berwyn Mountains. Even 
the higher parts of these hills are free from thick ill-drained peat ; this is shown 
by their heather vegetation (Stamp, 1948). 

p. The low-mortality rural districts of eastern Montgomery and of Radnor 
(70 deaths) are well drained, in contrast to the rural districts to the west, which 
lie on an ill-drained plateau with extensive tracts of bog. The low-mortality 
rural districts contain a large area of permanent pasture with no rush-infestation, 
and the uplands of Radnor Forest have a heather vegetation. 

E. The low-mortality rural districts of south and south-eastern Wales (575 
deaths) are largely on relatively permeable formations (Devonian rocks and 
Carboniferous limestone), have a relatively light rainfall, and their pastures are 
typically free from rushes. 

F. The highest mortality ratio for any rural district which contains a propor- 
tionally large area on the Devonian is that of Magor and St. Mellons (53 deaths, 
not significant, mortality ratio 88 per cent). The balance of this rural district 
consists of the reclaimed fen of the Wentloog and Caldicot Levels, which have a 
peaty soil, although they do not provide much food for local consumption. 

G. There is a sharp variation in mortality between the rural districts lying 
largely on the Devonian and the Carboniferous limestone, and Vaynor and 
Penderyn Rural District (30 deaths, not significant), which, while it includes 
some area of these permeable formations, lies for the most part on the millstone 
grit. Millstone grit areas are typically damp and usually have peaty soils. 

Gl. Llantrisant and Llantwit Fardre Rural District (113 deaths) is a similar 
case involving the Pennant grit. 

H. The impermeability of the rocks of Anglesey (203 deaths), and the extreme 
flatness of much of the island, make for peat accumulation, despite the fact that 
rainfall is light compared with that of the highland parts of North Wales. 

It may be stated, therefore, that the rural districts of low mortality are all on 
the sheltered east and south of the Welsh Massif and are well drained. The asso- 
ciation of their low mortalities with the absence of peat, rather than with the 
concomitant features of low rainfall (considered alone) or agricultural prosperity, 
arises from the consideration of Anglesey, which, while it enjoys a low rainfall 
and is agriculturally rich, has heavy mortalities in all three of its rural districts. 


EVIDENCE FROM OTHER AREAS, AND GENERAL INFERENCE. 


From geographical analyses carried out by the writer of mortalities from 
cancer of all sites by counties in England and by parishes in Louisiana, it is inferred 
that there is a constant association of heavy total cancer mortality with peaty 
soils. There is a possible exception in Palm Beach county, Florida, which 
showed a significantly low mortality in 1939 to 1940, despite the considerable 
fraction of its population which resides on the peat soils of the reclaimed 
Northern Everglades. If mortality is indeed low on the Everglades the exception 
is most suggestive, since extremely heavy copper fertilization was commonly 
practised there as early as 1929 against ‘‘reclamation diseases.” 

In view of this association of heavy total cancer mortality with peaty soils, 
it seems that the conditioning factor underlying the excessive mortality from 
gastric cancer in northern and western Wales may be the same as that underlying 
the excessive mortalities from cancers of most sites in the Fenland counties of 
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Huntingdon, Ely, Peterborough and the Holland Division of Lincoln (Stocks, 
1947), since these four counties alone in England have proportionally large areas 
of peaty fen soils. Apart from the typically high organic content of their soils, 
North Wales and the Fens have little in common. In fact, the two areas are so 
different that this one point of similarity is very striking. 

It may be significant that the excesses for all cancer (by comparison with all 
England and Wales) in the two areas are about equal (Anglesey, Caernarvon, 
Denbigh, Flint and Merioneth together have a total excess of 15 per cent; the 
four Fenland counties have a total excess of 14 per cent). 

The hypothesis of a similar conditioning factor in the two areas does not 
conflict in any way with the suggestions made by various writers to explain the 
excessive gastric cancer mortality in North Wales. These suggestions have 
pointed out those features of North Welsh life and environment which are condu- 
cive to gastric irritation ; while the excessive mortalities for most sites in the 
Fens have been considered to result from a general susceptibility to cancer among 
the population, rather than from the action of specific irritant causes. If the 
association between peaty soils and heavy total cancer mortality is substantiated, 
then there is a case for presuming that the anomalous excess for gastric cancer 
alone in North Wales is the result of the action of these specific irritant causes on 
a population exposed to a more fundamental conditioning influence, which 
originates from peaty soil conditions. 

It is suggested that the heavy total cancer mortalities which apparently 
exist in peaty areas may be related to the deficiency diseases which affect crops 
grown on peat soils. 

Although it is known that these “reclamation diseases ’ 


> 


are due to a defi- 


ciency of copper, and in some cases manganese and zinc, the exact relationship 


TaBLE I.—Mortality from Gastric Cancer in the Selected Areas of Wales, 
1939-48. 


Area (rural districts). ——o ber ee mena 


Actual deaths per 
cent of expected 
(mortality ratio).f 
. St. Asaph. : ‘ 32 : . 76 (not signi- 

ficant). 
. Overton ° , . 11 , . 48 (significant) 
. Ceiriog . ; y 23 , f . 66 ss 
. Eastern Montgomery, 
Radnor . . ‘ 70 
. South and south-eastern 
Wales : , . ‘ . 69 - 
F. Magor and St. Mellons . : 60 . 88 (not signi- 
ficant). 


G. Vaynor and Penderyn . 30 : 23 . 130 (not signi- 
ficant). 


oad 
4d 


Gl. Llantrisant and Llan- 
twit Fardre . ‘ 113 . 93 . 122 (significant) 
H. Anglesey. : ‘ 203 : 159 . 128 7 


* Calculated from the average for all Welsh Rural Districts, with respect to sex and age distri- 


bution. 
t Level of significance 5 per cent. 
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between the deficiency and the soil condition is not understood. As further 
information (Marston, 1951) is made available, it may prove worth while to 
consider whether a carcinogenic substance exists in food-plants grown on these 
soils. 

The possibility of an association between soil organic matter and cancer 
mortality was expressed verbally to the author by Mr. G. C. Worters. A study 
of published data had suggested to Mr. Worters that total cancer mortality was 
at a minimum on the well-drained and well-oxygenated red soils, and at a 
maximum on soils of high reducing power, such as those rich in decaying organic 
matter, or subject to waterlogging. 

The writer acknowledges also his indebtedness to the General Register Office 
for granting access to unpublished statistical data. 

It is hoped that a full account of the methods of geographical analysis employed 
in this worl: will be published shortly in a geographical periodical. 
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In a previous paper the writer (Cohen, 1949) proposed a biological dosage 
unit, the “‘ roentgen equivalent clinical ’’ (rec) based on an empirical formula 
D = E.a.T*®.L~‘, relating the physical dose in roentgens (D) to the biological 
dose in rec (E), taking into account the relative biological efficiency of radiation 
of various qualities (a), the over-all time in days (T), and the field size in deci- 
metres (L). The physical and biological doses could be equated when the 
specific ion-density is minimal (a = 1), the treatment is completed in 1 day 


(T = 1), and the field diameter is 1 dm. (L = 1). The rec was then defined as 
the biological effect of 1 r of y-rays delivered through a 1 decimetre diameter 
fieldin 1day. The parameters n and q were assumed to be constants, independent 
of the other factors, and their magnitudes were tentatively estimated. For the 
skin erythema reaction E = 1000 rec, and n = q = 0-33; while for the epi- 
dermoid cancer lethal effect E = 3200 rec, n = 0-22 and q=0. Since then 
many hundreds of cases were treated with doses calculated on this basis, and of 
these only a few developed reactions which differed remarkably from expectation. 
However, the scheme is based on assumptions and simplifications, the validity 
of which is by no means obvious. 

The formula assumes that the exponents n and q are independent of the 
quality of the radiation, and it makes no allowance for the variation among 
individual patients. It becomes necessary, therefore, to determine the extent 
to which n and q may be influenced by varying the quality of the radiation ; 
and to estimate, as far as possible, the magnitude of the individual variability. 
The tumour dosage data, moreover, were obtained from observations on treated 
cases published by several authors, among whom the estimated curative dose, 
and the proportion of cures obtained with this dose, differed very widely. The 
analysis of this data, therefore, gave rather crude average values, from which 
more or less deviation is to be expected in individual cases. In order to determine 
the dose required to cure the growth in all or most treated cases (say 99 per cent), 
it becomes necessary to estimate an additional parameter, the variance of the 
dosage. For this purpose the response to treatment of 250 suitable cases selected 
from the follow-up clinic of the Radiation Therapy Department, Johannesburg 
General Hospital, during 1950, was statistically analysed. 
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Observations on Skin Reactions. 
In the treatment of neoplastic conditions in the Department six different 
qualities of radiation are in use : 


(a) Radium y-rays ; } mm. Pt filtration. 

(b) 220 kVp x-rays; 1 mm. Cu filter; HVL 1-5 mm. Cu. 
(c) 180 kV(cp) x-rays; 4 mm. Cu filter; HVL 0-9 mm. Cu. 
(2d) 140 kVp x-rays; } mm. Cu filter; HVL 0-4 mm. Cu. 
(e) 140 kVp x-rays ; 2 mm. AI filter; HVL 0-2 mm. Cu. 
(f) 60 kV Chaoul unit ; HVL 0-16 mm. Cu. 


A total of 150 consecutive cases (25 in each qualitative group), in which the skin 
dose could be accurately computed were selected for analysis. In order to 
eliminate uncertainties due to exit doses and the effect of contiguous fields, only 
those cases treated by a single field were used. In each case note was taken of 
the skin dose received (D), the over-all time (T), the field diameter (L), and an 
estimate of the biological dose (E). D was taken as the maximum surface dose 
at the centre of the treated field ; T is the total treatment time in days irrespective 
of the manner of fractionation, though in the majority of cases treatment was 
daily for five days a week; L, in the case of square or circular fields, is the 
diameter in decimetres, while with irregular fields the equivalent diameter of a 
4 x Area. 
Perimeter’ 
and E could be estimated with a fair degree of precision from the intensity of 
the observed skin erythema. 

Early experiments had shown a rough correlation between the dose delivered 
and the observed reaction. It had been noted (Sievert, 1947) that if the threshold 
erythema dose (1° E) were determined, then delivery of twice this dose produced 
a dry desquamative reaction (2° E), three times this quantity gave a moist 
epidermitis (3° E), and four erythema doses caused necrosis. In our series of 
cases the reactions were classified in these four categories, and further subdivided 
into weak, medium or strong reactions in each major category, thus giving 
12 distinct gradations of response. It was considered that the four degrees of 
reaction correspond to biological doses of 1000, 2000, 3000 and 4000 rec respec- 
tively, and the intermediate gradations were evaluated by subtracting 300 rec 
for weak, and adding 300 rec for strong reactions in each category. For example, 
a strong dry desquamative reaction would be classified as E = 2300 rec. In this 
way a quantitative value can be assigned to any observed intensity of skin 
erythema in steps of 300 units. Although subjective judgment must enter into 
this type of assessment, the error is unlikely to be greater than one step, that is 
about 30 per cent for first-degree reactions, and less than 10 per cent for the 
more intense reactions. 

The dose which would produce a standard erythema in each case, under the 
conditions of treatment, is given by the ratio of the physical dose (D) to the 
observed biological dose (E). According to our formula, this ratio, designated 
(R) in Table I, should, within the limits of error and variation, equal a.T°.L~*. 
It then becomes possible to estimate a, n and q simultaneously by fitting the data, 
grouped according to quality, to the line 


circle having the same ratio of area : perimeter is taken, so that L = 


log R = log a + n log T—q log L 
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by the method of least squares as illustrated in Table I. (For practical reasons 
only a small part of the original table is reproduced.) 


High voltage x- 


1 2 3 4 5678910 20 30 40 60 


Fic. 1.—Scatter diagrams and regression lines illustrating relationship of dose, reaction, time 
and area for three different qualities of radiation. Broken lines delimit the 95 per cent 


confidence belt. 


The same procedure was applied to each of the six qualitative groups, estimating 
in each case the values of a, n and q, and their confidence limits. Preliminary 
results showed that whereas a varied considerably from one quality to another, 
showing a definite decrease with diminishing half-value layer, n and q appeared 
to range about 0-3 without any special trend related to quality, and within each 
group n and q were sufficiently close, well within the limits of observational 
error, to warrant the assumption that for practical purposes n = q. 


The postulate that n = q simplifies the iso-effect formula to z = a(F) , 
which has many important implications. Firstly it lends theoretical support to 
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the hypothesis of a “ diffusible substance’ (Grynkraut and Sitkowski, 1936 ; 
Jolles, 1950), for diminishing the treated field by a given factor, or increasing 
the time interval by the same factor, would allow the same proportion of the 
“ substance ”’ to diffuse across the surface bounding the treated volume. Trans- 
lated into practical terms, the relationship of time and area can be expressed in 
the form of an empirical law : In order to maintain a constant skin reaction to 
a given dose of radiation, any change in the diameter of the treated field requires 
a proportional change in the over-all treatment time. For example, if a field 
10 cm. in diameter can just tolerate 6000 r in 28 days, then a field 2} cm. in 
diameter could tolerate 6000 r in 7 days. Further, being two-dimensional, it is 
possible to test the formula visually by fitting the observed points graphically 
to the regression lines, as illustrated in Fig. 1. Finally, estimation by the method 
of least squares of two parameters rather than three permits a considerably 
greater precision in our estimates of a and n (Table II). 

The standard deviation (s) of the logarithm of the dosage estimates can be 
computed in the usual way. In 95 per cent of cases log R lies within the limits 
of our estimated value plus or minus 2s. It follows that the equivalent confidence 
limits for R are given by its estimated value multiplied or divided by a factor f?, 
where f is the antilog of s (f? = 10%). It is proposed (in the absence of any 
other accepted nomenclature) to call f? the “ uncertainty factor ”’. 

The final estimates for the three relevant parameters in each of the six quali- 
tative groups are given in Table IT. 


TaBLeE II. 
Erythema 


+ “ n * “ f2,.” dose ran 
(95% cases). 
-024) . 0-28 (+-034) 1-21 . 870—1260r 
-030) . 0-29(4-028) . 1-28 . 600—960r 
(+-022) . 1:23 . 540—810r 
2(4 1 
1 
1 


Quality of radiation. 


Radium ; 4mm, Pt filter ( 

220 kV; HVL 1-5 mm. Cu , 5 ( 
180 kV ; HVL 0-9 mm. Cu ‘ 3(+-020) . 0O- 

. (4 

(4 

( 


140 kV; HVL 0-4 mm. Cu --012) . O-% -021) -21 . 420—630r 


140 kV; HVL 0-2 mm. Cu 015) . 0-33 (+-024) -25 . 430—680r 
Chaoul; HVL 0-16 mm, Cu -025) 0:35 (+-047) *35 . 370—660r 


* The limits shown are, in each case, mendieail errors of the anente parameters, 


It will be noted that the six radiation qualities are arranged from above 
downward in order of diminishing energy. Inspection of column “a”’, repre- 
senting the mean standard erythema dose, shows that this dose diminishes (or 
biological efficacy increases) with diminishing half-value layer. Computation 
of the significance of the differences between adjacent qualitative groups shows 
that the difference in the biological efficacy of radium compared to 200 kV 
roentgen rays is highly significant (p < -001), and the ratio of the two (1 : 0-7) 
is in excellent agreement with other estimates (MacComb and Quimby, 1937 ; 
Quastler and Clark, 1945; Sugiura, 1939). The difference between the 220 kV 
and 180 kV ranges is statistically significant (p = 0-01), but of minor importance 
clinically, so that for practical purposes the two high-voltage qualities may be 
grouped together taking a as 0-7. The difference between 180 kV and 140 kV is 
again highly significant (p <0-001), while the three groups in the superficial 
therapy range do not differ significantly from one another (p = 0-3), so that for 
clinical purposes they may be grouped about a = 0-5. There are thus three 
clinically distinct quality factors: 1-0 for radium y-rays; 0-7 for the 200 kV 
range ; and 0-5 for superficial therapy. 
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It should be noted that the quality factor for radium applies to surface moulds, 
implants and intracavitary treatments; it is probable, however, that with 
teleradium therapy the value obtaining at greater depths may be appreciably 
altered on account of the softening of y-rays by scattering within the tissues. 
In the case of Chaoul radiation the value of a = 0-49 is larger than the writer’s 
previous estimate (Cohen, 1949) of a = 0-3 for low voltage radiation ; this may 
be partly due to the high inherent filtration (0-2 mm. Ni), and possibly also to the 
average surface dose being somewhat lower than the nominal dose. The general 
validity, however, of the three quality factors given above, is graphically illus- 
trated by the scatter diagrams and regression lines in Fig. 1. 
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Fic. 2.—Relationship between threshold erythema dose and half-value layer for a wide range 
of radiant energy. 


Values for n range from 0-28 to 0-35 and tend to increase as the energy of the 
radiation is diminished. The differences between these values, even that between 
the smallest and greatest of them, are not significant (p = 0-25) ; but the constant 
trend through the whole series of five comparisons is probably not fortuitous 
(p = 2-5 = 0-03). Although it would be of theoretical interest to confirm this 
dependence of the time-area factor on the quality of the radiation, especially as 
a contrary trend has recently been detected in another experiment (Quastler, 
1950, personal communication), it is of little clinical importance, and there is no 
reason to depart from the convenient figure n = 0-33 originally assigned, 

13 
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The uncertainty factor of the dosage estimates (f*, actually the antilog of twice 
the standard deviation of log R) ranges from 1-21 to 1-35. This implies that in 
95 per cent of all treated cases the reaction is unlikely to differ from expectation 
by more than about 30 per cent, which, considering our crudely subjective 
estimates of the reactions, is not unreasonable. There are few published data on 
the variability of human tissues in their response to radiation with which to 
compare our estimates. However, Helmke (1949) accurately measured the 
minimum erythema doses for 93 cases treated experimentally, and obtained 
data which approximate closely to a lognormal distribution with a mean of 
309 r and a standard deviation of 35 r. The uncertainty factor, being 1-22, is in 
good agreement with our findings. 

The curve in Fig. 2 illustrates the variation in biological efficacy with half- 
value layer, and shows the agreement between our estimates and similar data 
derived in a different manner by MacComb and Quimby (1937) and by MacKee 
and Cipollaro (1940). Each point represents the median erythema dose (a x 1000) 
estimated from Table II, the vertical lines delimit the 95 per cent confidence 
range, and the lettering refers to data by the authors quoted. 

In comparing these results wits: other published data, it is necessary to note 
inevitable differences in the definition of the erythema dose. From the method 
we have used the standard erythema dose is that which, delivered to a 10 cm. 
field in one sitting, produces a ‘‘ moderate” erythema in 50 per cent of the 
treated cases. With the same dose, however, some slight reddening would be 
visible in considerably more than half (probably 90 per cent) of the treated cases. 
Since this type of “ barely perceptible reaction ” is a convenient and objective 
end-point much favoured in erythema studies, there is obviously need for care in 
comparing such results. It is also necessary to distinguish the transient reddening 
(Friiherythems) appearing within 24 hours of the delivery of quite small doses 
(Helmke, 1949) from the main reaction (Haupterythems), which reaches its 
maximum about three weeks after treatment. 

For example, the threshold erythema dose (TED) is defined (MacComb and 
Quimby, 1937) as that quantity of radiation giving a faint reddening of the skin, 
visible in two to four weeks, in 80 per cent of treated cases. It would, therefore, 
differ little from our standard erythema ; hence the fair agreement between our 
results and the threshold erythema data in Fig. 2. 

On the other hand in Tod’s (1950) experiment, the median erythema dose 
for a 3 cm. diameter field treated at 140 kV with 2 mm. Al filtration (practically 
identical to our group ‘“‘e”’) was only 275 r, the reactions being observed during 
the first day. This “ Friiherythems”’ is obviously not in agreement with our 
results or with the figures of MacComb and Quimby (1937); but examination 
of the same experimental data shows that their actual TED, for which 80 per 
cent of reactions remain visible after one month, is over 500 r (a very satisfactory 
agreement). The importance of basing comparative erythema studies on the 
true ‘‘ Haupterythems,” visible in the third week after treatment, is emphasized. 


Curability of Epithelioma. 

From an analysis of published data on the optimum dosage for squamous 
epithelioma in various situations, the (biological) curative dose appeared to 
range from 2500 rec to 4000 rec with an average value of 3250 (Cohen, 1949). 
Similarly, the recovery exponent (n) was estimated, largely on the basis of Strand- 
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qvist’s (1944) observations, as equal to 0-22. It was felt, however, that these 
important constants could be evaluated within closer limits by an analysis of the 
results of treated cases in which the tumour dose, the over-all time, and the 
relative biological efficacy of the radiation used, were all precisely known. 

For this purpose 100 cases of epidermoid cancer in various sites were tabulated 
and the results analysed statistically. It was necessary to select cases in which 
not only was the minimum tumour dose known with certainty, but a sufficient 
follow-up was obtained to enable one to decide whether the lesion had in fact been 
cured. The customary five-year-cure policy could not be applied since estimates of 
depth-doses from treatment records prior to 1945 are not sufficiently accurate 
for our purpose. It was decided instead to use, as a standard criterion, freedom 
from perceptible recrudescence for not less than three years. The records of 
100 suitable cases treated between 1946 and 1948, and followed with periodic 
examinations through 1950, were abstracted and the data collected in Table III. 
The cases are arranged in order of increasing biological dosage (rec). 

The dosage data shown are the true mimimum tumour doses, and differed, 
especially with superficial therapy, from the nominally given doses. In the case 
of very superficial tumours treated with lightly filtered radiation the significant 
point was taken to be 5 mm. below the edge of the treated field. With 2 mm. Al 
filter this point receives about 85 per cent of the given dose ; and with the Chaoul 
apparatus, only 67 per cent. With deeper growths treated at higher voltages, 
standard depth-dose tables were used to assess the tumour dose; while with 
radium applicators and implants dosage was calculated on the Paterson-Parker 
system. 

Since various qualities of radiation were used, it was necessary to correct 
the dosage by a factor (RBE) which, taking that for y-rays as unity, becomes 
0-5 for superficial therapy, and 0-7 for the 200 kV range (Table II). In the case 
of deep-seated tumours treated with 200 kV radiation, the half-value layer (and 
hence the RBE) in the tissues differs from that of the incident beam on account 
of the increase in the average wave-length brought about by the Compton recoil 
process. This effect is the more marked the harder the incident radiation. From 
data by Stenstrom and Marvin (1946) it appears the HVL in the depths approaches 
0-7 mm. Cu, irrespective of the quality of the incident ray. This corresponds 
(Fig. 2) to an RBE of 0-6. 

The biological dosage (rec) was taken as equal to Dose/(RBE x T"), where 
n = 0-25 (as will be explained below a value of 0-25 gave the smallest variance, 
and is consequently considered the most accurate estimate). The column of 
results describes the behaviour of the tumours during the three years following 
irradiation. ‘‘ Cured” implies a permanent local regression, irrespective of the 
patient’s general health or the presence of metastases; “recurred” implies a 
temporary response of the tumour followed by recurrence within the treated 
field ; where no regression has occurred the tumour is classified as “ persisting ”’ ; 
and in two cases in the higher dosage range the treated area “ necrosed,”’ accom- 
panied by local recurrence. 

For the purpose of correlating the probability of cure with dosage, the 100 
cases were divided, in order of increasing dosage, into the five equal groups shown 
in Table III. The average dose received by each group was determined (on 
account of some outlying values the median dose was taken in preference to the 
mean), and the number of cured cases in the group was counted. In Fig. 3 each 
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TABLE III.—Results of Treatment. 
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TABLE III.—cont. 
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* RBE = “ Reciprocal biologic efficiency ’’ compared to y-rays as unity. 
Dose = Minimum tumour dose, estimated for each case from isodoses. 
Rec = “ Roentgen equivalent clinical ” ; dose corrected for quality and time. 


step represents one group of 20 cases. The horizontal extent of the step illus- 
trates the range of dosage, while the vertical height indicates the percentage of 
tumours cured in that group. The circles represent the median dose for each 
group, and the smooth curve drawn through them is probably the true curability 
curve for epidermoid cancer. It is of interest to note that in the highest dosage 
range the curability is considerably less than expectation. This deviation is 
associated with the cases of “‘ necrosis plus recurrence,” and confirms the existence 
of the supralethal effect (Paterson, 1948). 

In Fig. 4 the same data are charted on lognormal probability co-ordinates, 
the ordinate representing the percentage cured. The straight line obtained 
proves the almost perfert lognormality of the grouped data. The mean lethal 
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Fic. 3.—Cumulative frequency diagram illustrating increased proportion of tumours cured 
with increasing biological dosage. Doses are expressed in roentgens equivalent clinical (rec), 
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Fic. 4.—Test for lognormality of the tumour dosage data. The outlying point on the right 
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illustrates the “ supralethal effect.” The inset demonstrates a method for determining 
the recovery exponent (n). 
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dose is seen to be about 3000 rec (in good agreement with previous estimates), 
and the uncertainty factor is 1-3. 

The inset in Fig. 4 illustrates a method for determining the recovery exponent 
(n) by a graphical solution. Various values of n ranging from zero to 0-5 were 
selected, and the resultant estimates of biological dose tabulated in a manner 
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Fic. 5.—Nomogram relating skin tolerance and epidermoid cancer lethal doses with time 
and volume factors. Doses apply to conventional 200 kV deep therapy. A single line 
across the diagram gives all the relevant factors simultaneously. 


similar to Table III but regrouped accordingly. The cure rates so obtained 
were similarly charted in lognormal probability graphs, and the values of the 
standard deviation factor (f) corresponding to each value of n was determined. 
It is seen that f is a minimum as n approximates 0-25. The disadvantage of this 
graphical method, which is otherwise simple and sufficiently accurate for practical 
purposes, is that it furnishes no means for computing the variance of n. It is, 
therefore, impossible to test the agreement between our rough estimate of n = 0-25 
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and similar data from other sources, e.g., Strandqvist’s (1944) n = 0-22. How- 
ever, Kerrich (Statistical Note) estimates this value to lie between 0-24 and 0-34, 
with a mean of 0-29. 


DISCUSSION. 
Therapeutic Ratio. 

The object of this investigation is to determine the optimum dose for the 
treatment of epidermoid cancer. For this purpose it is necessary to deliver that 
dose which will give the largest proportion of tumour regressions, and yet rarely 
or never exceed the limits of skin tolerance. It has been shown that a standard 
erythema reaction is given in the average case by 1000 rec, and in 95 per cent 
of cases the dose lies between + 25 per cent of this value (that is, 800 to 1250 rec). 
An erythema would be encountered in less than 2 per cent of cases receiving 
750 rec or lower ; and the same proportion of cases, therefore, might be expected 
to develop necrosis with 3000 rec. Estimated on the basis of the iso-effect 
formula, then 3000 rec can be accepted as the skin tolerance dose, with a risk of 
necrosis of under 2 per cent. 

The probability of curing an irradiated tumour increases with increasing 
dosage up to a maximum of 95 per cent at a dose of 4000 rec (Fig. 3), beyond which 
the supralethal effect becomes increasingly menacing. It is, therefore, advisable 
to exceed the mean lethal dose of 3000 rec whenever possible by a factor approach- 
ing two standard deviations (30 per cent), remaining, of course, within the bounds 
of the skin tolerance. 

The ratio of skin tolerance to mean lethal dose has been defined as the thera- 
peutic ratio; and the writer has shown (Cohen, 1949) that this ratio can be 
varied within wide limits by a judicious selection of field-size and over-all time. 
It was pointed out that the therapeutic ratio must always be greater than unity 
and, if the radiation is not absolutely homogeneous, should exceed the hetero- 
geneity factor. When the therapeutic ratio equals 1-00, the skin tolerance dose 
is identical to the mean tumour lethal dose, so that the MLD cannot be exceeded, 
and a cure rate of not more than 50 per cent can be expected. It has been shown. 
that the maximum probability of cure is given by a tumour dose of 1-3 MLD’s. 
In general, therefore, the optimum combination of time and area is that which 
gives a therapeutic ratio of not less than 1-3, in which case the probability of 
cure may approach 95 per cent. The time and area factors corresponding to a 
given therapeutic ratio can be determined from the author’s nomogram (Cohen, 
1949), of which a modified version is reproduced in Fig. 5. 

It has been asserted that the prognosis is proportional to the therapeutic 
ratio. Since the probability of cure is dependent both on this ratio and on the 
variance of the MLD, the statement can be expressed quantitatively in the form 


lo : 
ion 

log f’ 
where @ is the therapeutic ratio obtaining with a given combination of field-size 
and treatment time, H is the heterogeneity factor, equal to the ratio of the 


Maximum tissue dose to the minimum tumour dose, and f is the standard devia- 
tion factor, equal to 1-15 for our data. 


6 = H.f, or c= 
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It is then possible to calculate c the normal deviate, with which is associated 
a definite probability. The probability of cure, corresponding to any given 
value of c, can be determined from statistical tables or from the ordinates of Fig. 4. 
It will be noted that c = 0 corresponds to a cure rate of 50 per cent; c = 1 to 
85 per cent ; and c = 2 to 97-5 percent. In this way a definite prognosis, as far 
as the primary growth is concerned, can be assigned to any epithelioma of known 
size treated, over a given number of days, to the limits of skin tolerance. 


SUMMARY. 


A statistical analysis of the intensity of the skin reaction in 150 cases, and its 
dependence on the time (T), field-size (L), and the biological efficacy (a) of the 
radiation used, confirmed the general validity of the simplified “ iso-effect ”’ 


n 
formula D = E.a.(T) . By means of the method of least squares, estimates 


of a and n for six different qualities of radiation were obtained, and shown to be 
in good agreement with previously established data. The uncertainty factor in 
dosage estimated on this basis ranged from 1-21 to 1-35. 

A further 100 cases of epidermoid cancer were similarly analysed in order to 
determine the deperidence of curability on the biological dose. The median 
lethal dose for this tumour (3000 rec) and its uncertainty factor (1-3) were deter- 
mined, and it was shown that, under optimal conditions of time and area, 95 per 
cent of tumours could be cured with a dose exceeding the median lethal dose by 
30 per cent. It has also been demonstrated that the prognosis is a mathematical 
function of the therapeutic ratio. 


The author wishes to acknowledge the valuable advice given by Mr. J. E. 
Kerrich, Department of Mathematics, University of the Witwatersrand, and his 
generous assistance with the statistical portion of this work. In particular he 
has examined the graphical method for determining the recovery exponent (n) 
for epidermoid cancer, and considers the operation mathematically legitimate and 
reasonably accurate. 


SratisticaL Note sy J. E. Kerricu. 

From the data in Table III Dr. Cohen suggests that biological dose = dose/ 
RBE x T", or X = Z/T" say, where X = biological dose, Z = dose/RBE, 
T = time in days. He goes on to show that if X is the exact dose necessary to 
effect a cure, then a reasonable assumption is that log X = log Z — n log T is 
normally distributed. 

Writing x = log X, z = log Z, t = log T this hypothesis becomes x = z — nt 
is normally distributed with, say, mean « and variance o°. 

By a neat graphical method he proceeds to estimate «, n and o. The dis- 
advantage of his method is that it affords no clue as to the reliability of his esti- 
mates. To study this question of reliability we must employ an algebraic method. 
The author’s problem is, in principle, reminiscent of a problem examined in D. J. 
Finney’s Probit Analysis (p. 106, Ex. 18), and adapting the algebraic methods 
explained in Appendix II of that book, the following results were obtained 
(omitting cases 236 and 240) : 


o 


a n 
Estimated value . : ‘ 3-4642 ’ +2893 ; -0709 
Estimated standard deviation -0359 ‘ *0285 , -0186 





194 L. COHEN 


The sizes of the estimated standard deviations show that none of the constants 
can claim to be very “ well determined.’ It must, however, be remembered 
that we are not dealing with a planned experiment, but that the author had to 
use the data that were to hand. As a suggestion to future workers in this field, 
more observations for small values of t (say t = 0) and large values of t (say 
t = 1-5) would help greatly in fixing « and n more accurately. 

In more detail, the estimated covariance matrix is— 


var. (x) = -001292 cov (a, n) = — -000955 cov (a, 0) = — -000383 
var (n) + -000813 cov (n, o) + -000227 
var(o) = -000348 


The mean value of x is «. We estimate that this lies between 3-4642 + -0718 
with 5 per cent risk. This makes our estimate of median X to be 2912 rec with 
a 5 per cent uncertainty factor of 1-180. 

If x is greater than « + 20, then the cure rate should be 97-5 per cent or more. 
Our estimate of « + 20 is 3-6060 + -0679, and the corresponding biological 
dose is X = 4036 rec with a 5 per cent uncertainty factor of 1-169. 


Our thanks are due to the computing staff of the National Institute of Per- 
sonnel Research for their help in preparing this note. 
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THERE have been only three landmarks of importance in the history of the 
rodent ulcer—the Irish ophthalmologist Arthur Jacob’s excellent first description 
(1827), Krompecher’s elucidation of the histopathology (1900), and the establish- 
ment of irradiation as the treatment of choice (Sequeira, 1901). Krompecher’s 
(1900) derivation of the tumour from the basal layer of the epidermis, though it 
has some obvious flaws, remains generally accepted. His over-enthusiastic 
inclusion of the “ transitional ’”’ squamous tumours of mucosae in his basal-cell 
carcinoma group was his only major error (Owen, 1930). Subsequent authors 
have been largely concerned either with alternative accounts of the histogenesis 
which have been on the whoie less plausible (e.g., Borrman, 1904; Mallory, 
1910; Kyrle, 1916; Haythorn, 1931; Foot, 1947), or with attempts at classi- 
fication within the group (e.g., Darier and Ferrand, 1922; Montgomery, 1928, 
1935; Lacassagne, 1933; Warren, Gates and Butterfield, 1936; Foot, 1947). 
The present study is particularly concerned with such attempts at subdivision. 
Beginning with an examination of the most recent, that of Foot (1947), which was 
soon found to be unworkable, it turns to the kind of features on which all such 
histological classifications are founded, and finds evidence that the rodent ulcer 
group is a unit not easily divided. 

Foot (1947), on the basis of a study of a large number of small and early tumours, 
classified them into pilar, sudorific and primordial, seeing in these sub-groups 
resemblances to the hair follicle, the sweat gland, and the “‘ primordium,” a more 
or less common stage through which both of these structures pass in development. 
He gave very little information as to the relative numbers of these types, and none 
at all on the question of difference of behaviour. The original premise on which 
the present study was built was that if these three groups have any real existence 
it should be possible to demonstrate some differences in their natural history. 
A diagnosis that does not imply a prognosis is traditionally worthless ; not only 
is it of no practical value, but the difficulty of testing it leaves every opportunity 
for error. It was proposed therefore to collect a series of rodent ulcers, classify 
them according to Foot’s (1947) criteria, and then to apply to them all available 
touchstones of clinical behaviour in the hope of being able to separate them. 
Some such differences as those demonstrated by Schrek and Gates (1941) and 
Schrek (1941a, 19416) between rodent ulcer and squamous carcinoma were sought. 
The attempt to do this, however, broke down unexpectedly early, for after our 
series had been collected it proved impossible to classify it on the lines proposed 
by Foot (1947). Whatever may have been the case with the small and early 
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lesions with which Foot (1947) dealt, it became clear that the great majority of 
tumours at the stage at which they are usually received by the pathologist are 
too various in appearance to admit of such simple treatment. Typical examples 
of each class could be found easily enough, but there were so many mixed and 
intermediate and aberrant forms that no progress was possible. The number of 
mixed forms in the table given by Teloh and Wheelock (1949) show that they had 
much the same difficulties. No modification of the classification could be devised 
that would avoid them. 

During a long interval in which the matter was left in this discouraging state, 
interest was deflected into 2 study of the pigmentation of rodent ulcers and of 
epithelial skin tumours generally which has already been reported (Lennox, 
1949). There emerged from this one possible way of classifying rodent ulcers, 
namely, into the pigmented and the non-pigmented. Such a classification is 
almost wholly objective ; there either is or is not melanin in the tumour. The 
contrast with the process of matching a tumour against a series of idealized types 
in the hope of being able to recognize a greater or less resemblance to one of them 
is very marked. It is true that the matching technique is reliable enough in the 
ordinary process of histological diagnosis, but where the types themselves are of 
doubtful existence it becomes open to great error. A study based on the presence 
or absence of individual features is under such circumstances more satisfactory, 
and a search was made for additional features whose presence or absence could 
be assessed as nearly objectively as could that of melanin. To report the 
behaviour of tumours showing such features alone or in combination is the main 
business of this communication. 


MATERIAL AND METHODS. 


A series of 150 tumours of the rodent ulcer group were collected. They are 
a large proportion of those received in this department in the years 1936 to 1948. 
Most have come from the Radio-therapeutic Research Unit which was established 
in 1942; without its very full record system this study would have been impos- 
sible. Cases have been rejected if the biopsy specimen was inadequate or if the 
history was deficient in any important detail, but an effort was made to include 
as many of the cases found as possible, partly because the available material was 
small, partly because any form of selection may profoundly and unpredictably 
influence the results of any study of this type. It was not possible to insist on 
more than a year’s follow-up, though most cases have had considerably longer ; 
the recurrence rate is therefore falsely low, though sufficient to provide some useful 
data for comparative purposes. Surgical excision supplied 26 specimens ; 
diagnostic biopsies, multiple in 30 cases, were provided by 124 cases. 

The histological methods used call for little comment. Most of the material 
was fixed in plain formalin-saline ; recent biopsies have been fixed in half- 
saturated mercuric chloride in 15 per cent formalin-saline (FSS). The presence 
or absence of melanin was determined in every case by one of the silver methods 
already described (Lennox, 1949). 


Criteria of Acceptance of Cases. 


No doubt is possible about the inclusion in our series of the great majority 
of its cases, but a decision was necessary in the case of two doubtful sub-groups. 
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In the first place there were 6 tumours of a characteristic macroscopic type, 
nodular, slow-growing and non-ulcerated. These were of the variety called 
(among many aliases) epithelioma adenoides cysticum, though they are by no 
means all adenoid or cystic (Fig. 1). The typical examples of this group seem 
distinct enough, yet it soon became obvious that transitional forms are numerous. 
We therefore provisionally included the sub-group, and found later no reason 
to regret it ; we believe that these are merely the most benign and well-differen- 
tiated end of the rodent ulcer series (the multiple and often familial tumours of 
Brooke (1892) and Fordyce (1892) we believe also to be of the same nature, 
though here we are extrapolating beyond our personal experience). 

In the second place, at the other end of the scale we find 11 tumours of the 
type illustrated in Fig. 2. Such ill-differentiated tumours are not very common, but 
cause some difficulty in diagnosis ; histologically they might equally be rodent ulcer 
or squamous carcinoma. We believe the evidence against the squamous nature 
of this sub-group is strong. Within the typically squamous tumours a close 
parallel between histological dedifferentiation and clinical malignancy can be 
demonstrated. The most malignant epithelial skin tumour seen in this hospital 
in the last 4 years is that illustrated in Fig. 3; it grew very rapidly under obser- 
vation and killed its host within 18 months of first appearance. Less well differen- 
tiated squamous carcinomata should be even more malignant ; but all the tumours 
we have seen of the type of Fig. 2 have been relatively benign, and can be shown 
only by careful statistical analysis to differ in behaviour from the general run of 
rodent ulcers. 

Inclusion of these two sub-groups harmonizes with the view of the rodent 
ulcer group developed later in this paper, as a series in which a gradation of 
differentiation can be recognized, with a definite though not very striking parallel 
gradation in behaviour. Removal of these two sub-groups would not affect the 
general conclusions drawn, though it would reduce the level of significance of 
some of our figures. 


Forms of Differentiation Chosen for Analysis. 


Only four common histological forms of differentiation in rodent ulcers could 
be defined well enough for analysis. Some obvious features, especially those 
based on cell size and shape and on tumour cell group size and shape, had to be 
rejected because of the difficulty of establishing exact descriptive criteria and, 
more important, their great variability within any one tumour. Some very 
interesting features were too infrequent in our series to justify detailed separate 
analysis: these were (a) keratin formation (11 cases, 7°3 per cent), (6) hyaline 
stroma (11 cases, 7°3 per cent), (c) squamous differentiation (4 cases, 2°7 per cent), 
(d) “* sebaceous ”’ differentiation (4 cases, 2°7 per cent ; lipoid was not identified, 
and the recognition of these occasional foamy cell groups as sebaceous remains 
doubtful), (e) duct formation (1 case, 0°67 per cent). 

The four forms of differentiation finally chosen were, in order of frequency, 
palisading, fluid formation, whorls and pigmentation. These presented the follow- 
ing advantages : (a) they were all common, so that sufficient cases were available 
for analysis, (b) their presence or absence could be readily determined, (c) between 
them they were responsible for a large part of the variation in appearance assumed 
by rodent ulcers, and (d) they were constant throughout the same tumour, varying 
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little in incidence from one part of a tumour to another, or in successive biopsies 
from multiple or recurrent tumours. 


Palisading and Pigmentation. 


Two of these four features need littlecomment. Palisading needed only a defini- 
tion for the few doubtful cases. A row of at least 20 columnar cells side by side with 
an immediate transition to polygonal cells in the second layer was demanded. 
This criterion was satisfied by 109 cases (72°7 per cent). It is necessary to 
emphasize that a substantial number of quite unexceptionable rodent ulcers 
show no trace of palisading. The relative frequency of lesser degrees of melanin 
pigmentation has been emphasized already (Lennox, 1949). In the present series 
52 cases (34°7 per cent) contained it, and in all of these melanoblasts were found. 


Fluid formation. 


It is probable that many will disagree with our interpretation of the appear- 
ances we have described as “ fluid formation.” We think they are worth dis- 
cussion, but it is necessary to state that the statistical use we make of these 
appearances later is not affected by our interpretation of their nature. 

Cysts are common in rodent ulcers (Fig. 4), but curiously little attention has 
been paid to them. They are usually dismissed as “‘ degenerative’ or as the 
‘assumption of a glandular pattern.” But there is no trace of degeneration 
of the epithelial elements of this tumour, and it can readily be established by serial 
section (and is indeed obvious from the pattern of this type of cyst formation) 
that the cysts have no connection with the stroma, and cannot therefore be the 
result of stromal degeneration. Nor can this really be called a glandular pattern ; 
it is rather the pattern assumed by an amorphous but more or less cohesive mass 
of cells into which fluid has been forced under pressure at several points. There 
is no satisfactory explanation of this kind of appearance except active secretion 
of fluid by the epithelial cells of the tumour. Once this is granted a great diversity 
of appearances seen in different tumours becomes easy to follow. Fluid is formed 
by the cells, but the convenient acini and ducts formed by tumours of true glan- 
dular pattern fail to appear, and the fluid must lodge where it can, either in these 
ill-formed cysts within the cell masses (Fig. 5) or outside them, between the cell 
masses and their basement-membranes. Escape of fluid from the cell masses 
(Fig. 6, 7, 10) can cause much confusion, for many people have regarded the resultant 
fluid as the result of a degeneration of the stroma. What form of degeneration 
of the stroma it can be we fail to see ; it is not myxomatous, it is only occasionally 
hyaline, and it is curiously localized if itis oedema. If one believes it to be stromal 
in origin one is driven to the proposition that it is an active secretion of the stroma 
—an unprecedented occurrence in an epithelial tumour, and one that in any 
case does not explain cysts within the epithelial masses. 

Massive fluid production such as that of Fig. 6 is very difficult to regard as 
anything but an active secretion ; and transitions to all sorts of minor grades of 
fluid formation can be traced. In rapidly growing rodent ulcers (Fig. 7), cysts, 
even though numerous, are usually much less regular in shape. Often when fluid 
is produced in smaller quantities cysts are small and irregular (Fig. 8), the fluid 
seeping between the surrounding cells, leaving behind as it goes an occasional 
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stretched intercellular bridge. When such intercellular bridges are numerous 
they can produce sometimes a very striking picture (Fig. 9), which we have 
called “ pseudo-prickling.”” It strongly resembles the “ prickling ” of a squamous 
carcinoma, yet it occurs in tumours which are by no stretch of imagination 
squamous in type, and seems to be simply the result of stretching of cells apart 
by fluid percolation. It is important in two ways: first, as a pitfall in diagnosis 
for those who rely too much on the high powers of their microscopes, and second, 
as a demonstration of the basic similarity of tumours arising from the epidermis. 
A last, perhaps most arguable form is the “‘ weeping’ rodent ulcer, in which 
minor degrees of fluid production can be recognized in narrow clefts between 
cell and basement membrane (Fig. 10). This is liable to be mistaken for a shrink- 
age artefact (which it is not, for the clefts are filled with a palely basiphilic 
material), and is the form which most resembles a stromal degeneration. All the 
arguments used above, however, apply to this, and it is usually seen with other 
forms of fluid formation—indeed, all the forms described occur in all possible 
mixtures and transitions. Fluid of this type is often metachromatic (orange-pink) 
with the carbol-safranin used as a counter-stain for the melanin reaction, and it 
was this which first drew our attention to the frequency of its minor degrees. 
All told, 87 of our cases (57°7 per cent) showed some evidence of fluid production. 


‘ 


Whorls. 


The fourth of our forms of differentiation is whorl formation (Fig. 11). By 
whorls we mean small spherical groups of concentrically arranged flattened cells, 
more eosinophilic than the bulk of the tumour and centred on an even more 
eosinophilic core ; this core often appears to be converted into a laminated plug 
of keratin. We have counted nothing that did not have at least a trace of 
central eosinophilia, but think it possible to recognize even earlier stages of which 
the giant-cell-like structure seen above left centre in Fig. 9 may be an example. 
At least three interpretations of these structures have been offered : 

(a) They are cell nests (parakeratotic pearls) of basically the same nature 
as those of squamous carcinoma (Darier and Ferrand, 1922; Montgomery, 
1928). They differ from these in their smaller size, sharper demarcation, more 
concentric structure and lack of prickle cells, and usually also in the smaller 
amount of central keratin. 

(b) They are abortive hair follicles (Haythorn, 1931; Warren, Gates and 
Butterfield, 1936). The term “ abortive’ here is a convenient one ; it conceals 
the fact that the structures resemble no part of the follicle in any respect which 
will bear analysis. The central keratinous mass, it is true, is occasionally (in 
two cases of our series, e.g., Fig. 12) elongated, and then bears some resemblance 
to a hair, but true hairs are not (as these structures are) formed by accretion 
from all directions of flattened cells lying tangentially, but from one end by an 
extremely characteristic type of keratinization in elongated cells lying in the 
long axis of the hair. It is remotely possible that these are hair sheaths without 
contained hairs, but none of the highly characteristic cells of the sheath, either 

he inner with their trichohyaline or the outer with their abundant glycogen, are 
present in the surrounding cells. 

(c) They represent sweat duct orifices (Foot, 1947). This (Fig. 13) is, sur- 
prisingly enough, the least improbable ascription. Even so the rarity of kerato- 
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hyalin granules and the occasional presence of melanin in the whorls flaw the 


argument. 
Whorls, whatever they are, were seen in 54 cases (36 per cent). 


Clinical Analysis of Tumours. 


The list which follows gives the points which were investigated, and the 
figures for the whole series under each head. No case was accepted for the series 
unless information under all these headings was available. 

(a) Age.—Mean 65°1 years, standard deviation 10:1 years. This has been 
taken as age at first biopsy in all cases. A separate analysis for age of onset was 
undertaken, but gave no additional information. The reported age of onset is 


EXPLANATION OF PLATES. 


Fic. 1.—A nodular tumour of the epithelioma adenoides cysticum type, only slightly cystic. 
Note the position immediately deep to the epidermis, unrelated to hair matrices, and also 
the focus of abnormal epithelium, similar to that seen in early rodent ulcers, to the right of 
the main specimen. Case 219: from the scalp of a man of 33, duration 22 years. Haemalum 
and eosin. 7°2. 

Fic. 2.—Undifferentiated skin tumour, thought to be an undifferentiated rodent ulcer. 
Case 132: from the neck of a woman of 71, duration 1} years. H.and E. x 230. 

Fic. 3.—Squamous carcinoma of relatively good differentiation but high malignancy. Case 
340: from the cheek of a man of 45, duration 5 months. H. and E. x 180. 

Fic. 4.—Fluid production: cystic rodent ulcer. The fluid is contained in rounded spaces 
between the well-preserved tumour cells, and has no relation to the stroma. Case 155: 
From the lower lid of a man of 88, duration 3$ years. H.and E. x 130. 

Fic. 5.—Fluid production: irregularly cystic rodent ulcer. In spite of the irregularity of 
the cysts they are still recognizably between the tumour cells, and not in the stroma. 
Case 43: from the cheek of a man of 55; duration 15 years. H.and E. x 76. 

Fic. 6.—Fluid production : escape of large amounts of fluid into the space between epithelial 
cells and stroma. Case 204: from the forehead of a woman of 78, duration 10 years. 
H.andE. x 60. 

Fic. 7.—F luid production : a lesser degree of the same phenomenon seen in Fig. 6. Case 276: 
from the back of hand of a man of 68, duration 3 years. H. and E. x 115. 

Fic. 8.—Fluid production: small irregular cyst formation of a type often overlooked. Case 205: 
from the inner canthus of a man of 75, duration 2 months. H.and E. x 470. 

Fic. 9.—Fluid production: “ pseudo-prickling.” Intercellular bridges in a tumour of 
epithelioma adenoides cysticum type (that of Fig. 7) with no other evidence of squamous 
affinities. Flattening, presumably a pressure effect, can be seen in the epithelial cells 
lining a large cyst. Owing to the difficulty of showing both bridges and cellular detail 
together, different exposures have been used for the two halves of the photomicrograph. 
H.andE. x 640. 

Fic. 10.—Fluid production : ‘ weeping,” a minor degree of fluid escape between epithelium 
and stroma. Case 55: from the cheek of a woman of 71, duration 8 years. H. and E. 
x 200. 

Fic. 11.—‘‘ Whorls ”’: the appearance often regarded as typical of the ‘“ baso-squamous ” 
group. The tumour also shows pseudo-prickling (only the pale stripes separating the cells 
can be seen at this magnification) and (elsewhere) other evidence of moderate fluid produc- 
tion. Case 318: clinically and macroscopically of epithelioma adenoides cysticum type, 
from the forehead of a man of 69, duration 10 years. H.and E. x 230. 

Fic. 12.—An elongated whorl of a type often regarded as an abortive hair follicle. The 
central keratin plug has been lost in this section, but it shows well the flattened concen- 
trically arranged cells which surround it. Case 299: from the chin of a woman of 41, 
duration | year. H.and E. x 230. 

Fic. 13.—Sweat duct orifice: a slightly abnormal example from the margin of a squamous 
papilloma, showing especially well the similarity to whorls. H.and E. x 230. 

Fic. 14.—Colonization of hair follicles by homologous epidermis in the rabbit. The epidermis 
and the epithelium of the hair follicles of the graft have died, but the stroma survives. Host 
epidermis advancing from the left is invading the empty stromal compartments of the hair 
follicles, and differentiating rapidly to form new follicles. H.and E. x 72. 
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subject to considerable error, and in any case it may be doubted whether the time 
of appearance of a palpable tumour (the real age of onset being, of course, undetec- 
table) is any more significant than the time of attainment of what is usually a 
fairly constant size, 85 per cent of our cases measuring 8 to 25 mm. in diameter 
at the time of first biopsy. 

(b) Sex.—Of all our cases 92 (61-3 per cent) were men. The uncorrected 
figures suggested a later age incidence in women (Fig. 15). This was of some 
importance, as if it was genuine an allowance for sex would have had to be made 
in all figures for age incidence. It seemed possible that the longer life-span 
of women might account for this, and a correction based on population figures 
was applied and showed that not only is this true (the only difference between 
the sexes being the lower incidence in women at all ages), but that in both sexes 
the true incidence probably rose steadily throughout life (Fig. 15, hatched lines). 
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Fic. 15.—Age and sex distribution of rodent ulcers. The continuous line shows the number 
of cases actually observed in each five-year period. The broken line shows the effect of 
correcting for population. The latter figures are obtained by dividing the observed figures 
by the population of Great Britain in 1947 (Registrar-General (1949)) in the corresponding age 
and sex group, and then multiplying by a factor sufficient to bring the total back to 150. 


(c) Duration—Mean 5:16 years, standard deviation 5°48 years. On a 
logarithmic scale there is a roughly equal number in all groups, except the highest, 
which would be most affected by deaths (Fig. 15). 

(d) Site.—A preliminary distribution into 20 sites was made, and the behaviour 
and differentiations of tumours at each of these sites analysed. The numbers, 
however, were too smal! to handle satisfactorily, and a re-grouping into four 
main areas was made: 

(i) “‘ Face ” (most exposed areas, below eye)—-75 cases (50 per cent), consisting 
of nose, 25 cases; malar region, 15; zygoma, ii; cheek, 13; lips and chin, 6 ; 
pinna, 5. 

(ii) ““ Eye ”’—25 cases (16°7 per cent), subdivisible as lower lid, 14 cases ; 
upper lid, 4; inner canthus, 7. 

(iti) “‘ Temple ’’ (semi-exposed areas above eye)—27 cases (18 per cent), 
subdivisible as temple, 13 cases; forehead, 10; external auricular meatus, 2 ; 


14 
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postauricular, 2. (The separation of E.A.M. and post-auricular area from pinna 
is justified by the obvious difference in exposure, and by a difference in behaviour 
well marked even in the small number of cases involved. ) 

(iv) ‘“‘ Elsewhere ’’ (non-exposed sites)—23 cases (15:3 per cent), consisting 
of scalp, 7 cases ; neck, 3; limbs, 3; back, 3; abdomen, 4; chest, 2; axilla, 1. 
(The contrast with Molesworth’s (1927) figure for rodent ulcers in Australia is 
striking.) 


TABLE I.—Relation of Behaviour of Rodent Ulcers to Degree of Differentiation. 
Whole cnet 
— ’ 1-4. 4-8. 9-15. to score. 
Number of cases . 160. 12 . 50 m=. MB. - 
Mean age (years) . 64:3. ‘1 . 66-2 . 65-1 . 55°3 . Significant. 
8.D. ; . 10-10 
Sex (% male) . . 61-3. -3 ..58-0 . 62-9 . 61 
Mean duration (yrs.) . 5-16. 6-75. 5-74. 
S.D. , . 5-48 
“Face” and “eye”’ 
(%) . ; . 67-7 . 75-0 . 72-0 . 65-7 . 50-0 .) 
“Temple ”’ and “ else- ‘Significant. 
where ” (%) ‘ 5 p 3. ° 
Recurred (%) . , 


Total differentiation score 





-0 . None. 
-99 
22. = 


Radiation response (°%, 
poor) . 
Large (%) ‘ ‘ 
Mitoses (% over 1 per 
H.P. field) . . 27-3 . 41-7 . 26-0 . 25-9 . 27-8. - 
Epithelioma adenoides 
cysticum (%) . 40. 0 =. 2-0. 4:3. 11-1 . Significant. 


. Not significant. 


Various methods of assessing the significance of the relation of the various factors to score were 
used. A preliminary test by standard error of the differences of the percentages in the 0 and 9-15 
columns for each other and from the mean figures for the whole series gave in the event results 
differing little from those of more elaborate methods. A regression line for score on age was calcu- 
lated by Dr. D. A. Mitchison, using ungrouped data, and showed a highly significant slope (score = 
0°06 (age — 64-3): P < 0-001). For the others mean scores and variances were calculated, and 
the significance of differences estimated by the “t ” test (Fisher, 1941). 


(e) Size.—Records of size were too irregularly kept to be trusted, and a 
division into large (over 25 mm.) and small was all that was attempted. There 
were 23 cases (15°3 per cent) which had “ large ’’ tumours in this sense. 

(f) Multiplicity —There were 11 cases (7°3 per cent) with multiple tumours— 
6 with two, 2 with three, 1 twelve, and 2 had uncountably numerous tumours. 

(g) Recurrence.—Recurrence took place in 16 cases (10-7 per cent) one or more 
times. Of these, three died with active tumours. None died in this hospital, 
and details are meagre, but it is probable that only one died directly of the 
disease. s 

(h) Radiation response.—In 12 cases (9°7 per cent of irradiation cases) it was 
noted by the radiotherapist in charge of the case, in the period immediately after 
therapy, that response appeared to be less satisfactory than usual. It may be 
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noted that in spite of this opinion, only 6 of these cases recurred, and that 10 of 
the 16 cases which did recur did so in spite of what appeared to be an adequate 
initial response to irradiation. 

(i) Aetiology.—In 12 (8 per cent) cases some factor of local irritation (other 
than simple exposure of the face to sunlight) was recorded. In 6 (4 per cent) a 
“mole ”’ of some sort had been present for a long time, usually since birth, before 
the development of the active tumour. These groups showed no special features 
either in histology or behaviour. 
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Fic. 16.—Duration and age (at time of biopsy) of rodent ulcers, showing the distribution of 


the highest and lowest “ total differentiation score” groups, and of the epithelioma 
adenoides cysticum group. 


STATISTICAL RESULTS. 


Behaviour of tumours showing different forms of differentiation. 


To recapitulate, 109 tumours (72°7 per cent of the cases) showed palisading. 
87 (57°7 per cent) showed fluid formation, 54 (36°0 per cent) whorls, and 52 
(34-7 per cent) melanin. These groups were analysed, by a variety of arithmetical 
and graphical procedures, in respect of the various clinical features listed above. 
No statistically significant differences emerged—there were differences neither 
between the tumours with and without each form of differentiation, nor between 
the groups of tumours showing each separate kind. Some of the commoner 
combinations of forms of differentiation were also investigated in the same way, 
without effect. 
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The differentiations were then graded according to a rough scale of (0) absent, 
(1) minimal, (2) low average, (3) high average, (4) maximal, and the analysis 
repeated when it seemed likely to give any further results. Though nothing of 
statistical significance was established some trends began to emerge, and it was 
interesting to note that trends for each differentiation appeared to be in the same 
direction. It therefore seemed worth while trying the effect of summation of the 
figures for the various differentiations. To do so, we simply added the numbers 
for the grades already allotted to each tumour, obtaining thus a “ total differen- 
tiation score’ foreach tumour. Thus a tumour with a high average for melanin 
and fluid but no palisade and no whorls would score 6. With these scores signi- 
ficant results began to emerge (Table I and Fig. 16). The better differentiated 
tumours occur earlier in life, are less common on the exposed areas of face and 
eye, recur less frequently and respond better to irradiation, and are more often 
of the epithelioma adenoides cysticum type. There is, however, no indication 
of any difference in rate of growth, either—for what these measurements are 
worth—in duration, size, or mitosis count of the tumours. The differences 
shown are all small, but definitely significant. With a larger series presumably 
differences of similar nature could have been shown for each separate kind of 
differentiation ; the significant fact, however, is that they summate in this way 
and so must all tend in the same direction. 

In arriving at the total score the less common additional forms of differentia- 
tion mentioned earlier (keratinization, hyaline stroma, etc.) were also counted ; 
this explains the difference in number of cases with zero score between Tables I 


and II. 


Association of kinds of differentiation. 


It was supposed a priori that some form of association would prove to be 
demonstrable between our four forms of differentiation. Thus, as a relic of our 
original interest in Foot’s (1947) classification, we supposed that fluid formation 
was an indication of sweat-gland origin and whorls of hair-follicle origin, and that, 
as hair follicles are at least in part pigmented, and sweat glands never are, melanin 
would occur more commonly in association with whorls than with fluid. Table II, 
however, shows that these assumptions were false. The actual number of cases 
showing each combination of differentiations is compared with the numbers to 
be expected if the association is a purely random one, and a close correspondence 
demonstrated. The expected numbers may be calculated very simply: thus 
the expected number 14-0 in the second column is obtained by multiplying 150 
(the total number) by 0°35 (the proportion of the whole series with melanin) 
times 0°73 (the proportion with palisades) times 0°58 (the proportion with fluid) 
times 0°64 (the proportion without whorls). Besides disposing of the idea of any 
association between the differentiations, these figures have probably a wider 
significance in supporting the unitary nature of the rodent ulcer group ; but this 
may be left to the discussion. 

One feature of Table II must be noted. The only discrepancy of any size is 
that in the last column, which shows that, instead of the expected 7 tumours 
showing none of the four forms of differentiation, our series includes no less than 
16. Taking the figures as a whole, this is well within the bounds of chance 
variation, but it is suspicious to find this large excess in the one group in which 
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histological diagnosis is most difficult. It casts some doubt on the opinion earlier 
expressed that these tumours are all rodent ulcers. It would, however, be statis- 
tically equally suspicious to find no such tumours. Perhaps the group does 
include some spurious cases, but we have found no satisfactory way of determining 
which they are, and at least two alternative explanations, apart from chance 
numerical variation, offer themselves. The group includes some of the smallest 
biopsies, in which all forms of differentiation are equally liable to escape recog- 
nition. Mr. J. W. Boag, to whom we submitted the figures, pointed out that from 
the statistical point of view they could equally be explained by a slight tendency 
to aggregation of the separate differentiations ; he was abie to show that three 
of the differentiations (melanin being the exception) were rather more frequent in 
the presence of one than in the presence of no other differentiation, and a little 
more frequent still in the presence of two others. Whatever their explanation, 
our original opinion, that these undifferentiated tumours are rodent ulcers, which 
remains the best explanation of their behaviour in all other respects, has not 
been altered by these figures. 


DISCUSSION, 


Classification of rodent ulcers. 


We think the most important result we have established is the evidence 
against the existence of any histologically separable types of rodent ulcer. The 
difficulties we found in applying Foot’s (1947) classification speak for this, but the 
figures shown in Table II are our principal evidence. Our four main differentia- 


tions are seen to associate in what appears to be an entirely random manner. 
Put the case that there exists any histologically separable sub-group of rodent 
ulcers, and that it is of any substantial size. It is exceedingly improbable that 
any significant definition of such a group could be devised that would not involve 
at least one of our four main features. Then infallibly the random grouping 
would be disturbed. Only if it is extremely small, or if it depends on criteria 
which have so far escaped definition, can any such sub-group exist. 

Of such possible sub-groups the most important, because the most widely 
accepted, is the “ type intermediare mizte ” of Darier and Ferrand (1922) which is 
the “‘ baso-squamous ”’ form of Montgomery (1928). We can find no real criterion 
of the diagnosis of this type of rodent ulcer except the presence of the “‘ pearls,” 
and these do not appear to be anything except our whorls in their higher grades. 
Montgomery (1928) states that his cases are more malignant and radio-resistant 
than other rodent ulcers. He gives no statistical evidence for this, basing it as 
far as one can tell from his original article on impressions of a small number of 
cases. It will be clear that our series gives no support for the idea either of the 
separate existence of such a group, or of the abnormal behaviour of tumours 
showing whorls. Of our 54 cases showing whorls, 4 recurred (7°4 per cent, com- 
pared to a general recurrence rate of 11°3 per cent) and 3 responded poorly to 
irradiation (5°6 per cent compared to a general rate of 9°7 per cent). The typical 
baso-squamous tumour of Fig. 11 is clinically and macroscopically of the epi- 
thelioma adenoides cysticum type. We do not believe that, except in the sense 
that in any organ the occasional exceptional tumour will flout any system of 
classification, there exists any group of tumours transitional between rodent 
ulcer and squamous carcinoma. 
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A broad grouping of rodent ulcers into behaviour types is of course possible. 
We have shown that there are differences between the more and the less differen- 
tiated tumours, without reference to the type of differentiation; but these 
differences are relatively slight, and of little importance in the individual case. 
The type characterized as epithelioma adenoides cysticum, the multiple familial 
tumours, and the multicentric ‘‘ superficial epitheliomatosis ’’ of (inter alia) Mont- 
gomery (1935), are behaviour types which cannot be ignored, but all these are 
variations on the same theme, and grade insensibly into each other. Indeed, 
the continuous series which can be traced from the manifestly autogenous tumours 
of the turban type (Ronchese, 1933) to the equally manifestly exogenous sunburn- 
conditioned facial rodent ulcers of Australia (Molesworth, 1927), affords food for 
speculation on the multiplicity of factors which may operate on the individual case. 


Sweat glands and hair follicles in rodent ulcers. 


It is nowadays generally accepted that rodent ulcers bear some relation to the 
skin adnexae, but the indirect nature of the relation perhaps needs emphasis. 
They are not tumours of the adnexae as such, but of the overlying epidermis. 
It would in any case be most remarkable if a single kind of tumour should arise 
from structures so diverse as the sweat gland and the hair follicle, structures 
which arise independently from the skin and which show in the non-neoplastic 
state no tendency to the formation of mixed or intermediate structures. An 
analogy which seems justifiable is that of the parathyroids and the thymus (the 
liver and the pancreas, or the enamel organ and the sublingual glands, or several 
other pairs might be used), which are equally closely related in their manner of 
origin, but yet, being histologically totally distinct structures, produce totally 
distinct tumours. Foot’s (1947) manner of using the term primordium for the 
conical downgrowth of epidermal cells in which both begin obscures the fact 
that such primordia are not usually multipotential; except in the few areas 
where sweat glands open into the mouths of hair follicles the two structures 
arise quite independently, and in most places at different times. 

We are impressed with the lack of truly organized structure in these tumours. 
We have already expressed our doubts about the so-called abortive hair follicles. 
One solitary tumour in this series (unique so far in an experience of roughly twice 
the number of cases here reported) showed reasonably convincing duct-like 
structures. No other tumour showed any structure even remotely resembling 
a sweat gland. Indeed the only feature of rodent ulcers which can reasonably 
be regarded as an ordinary adnexal product is the fluid which we have shown to 
be common, and to be probably an active secretion of the epithelial cells. If it 
be accepted that this is a secretion, it is difficult to escape the further conclusion 
that it is sweat. It is true that no chemical identification of it has yet been 
possible, but this is not surprising if it is sweat, none of whose normal constituents 
are present in sufficient concentration (Pemberton, Cajori and Crouter, 1929 ; 
Marchionini, 1928) for histochemical demonstration. A smal! protein-like 
content is present in the fluid, but this it might acquire through encystment, as 
the C.S.F. does in Froin’s syndrome. At least we believe the evi:ience that this 
is sweat, poor though it is, is as good as the evidence for the presence of any 
adnexal structure in rodent ulcers. Secretion must, however, occur in the 
complete absence of that cellular polarity which makes a glandular structure. 
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Hair matrix origin of rodent ulcers. 


Mallory (1910) suggested that the rodent ulcer might arise from the hair 
matrix, and Haythorn (1931) asserted that all rodent ulcers are simply hair matrix 
tumours. Subsequent authors (except Wallace and Halpert, 1950) have not 
accepted this completely, but no detailed refutation of his arguments has been 
attempted. They may, however, be shown to include several major flaws. 

(a) Haythorn (1931) regards the connection of the tumour with the epidermis 
as purely accidental. He disregards the existence of the widespread superficial 
tumours (superficial epitheliomatosis of Montgomery (1935)), of which a very 
typical example is included in our series (Fig. 17 to 19; Lennox, 1949), in which 
origin from the undersurface of the epidermis cannot be doubted. Willis (1945) 
describes a series of more localized tumours in which similar origin could be 
proved. Origin from the undersurface of the epidermis could be clearly traced 
in 60 per cent of our series. 

(6) Haythorn (1931) states that even the basal layer of the skin has prickles, 
and rodent ulcers have not; and that hair matrix cells contain longitudinal 
fibrils (demonstrable with phosphotungstic acid haematoxylin, as first shown by 
Mallory (1910), which can also be seen in some rodent ulcers. Prickles, as we 
have shown, are not rare in rodent ulcers (Fig. 9). We are not very impressed 
with the fibrils which we have been able to demonstrate ; in any case it seems 
probable that they are homologues of the tonofibrils of the rete Malpighii, and 
that such fibrils form readily in any epidermal derivative, forming intercellular 
bridges which will be demonstrable as prickles wherever the cells are sufficiently 
separated. 

(c) Haythorn’s (1931) identification of hair shafts we have already discussed. 

(d) We have been unable to confirm Haythorn’s (1931) observations on the 
resemblance of the silver-stained basement membrane of rodent ulcers to that 
of the hair follicle. Indeed it would be surprising if a hair matrix tumour 
developed a basement membrane like the “‘ membrana vitrea ” of the root sheath. 
We have not examined the neurofibril content of our tumours, but Willis (1948) 
has indicated the unreliability of the evidence they provide. 

(e) Haythorn (1931) describes atypical proliferations of hair follicles producing 
appearances which he interprets as the early stages of rodent ulcer formation. 
But nearly all these changes occurred in hairs surrounded by squamous carcino- 
mata. Their occurrence is therefore rather to be taken as evidence that hair 
follicles react in this sort of way (it may be merely a disturbance of ordinary 
cyclical regeneration) to any injury, and to be a warning that apparent tran- 
sitional changes in hair follicles even within a rodent ulcer may be quite 
meaningless. 

(f) An argument which Haythorn (1931) does not consider is that based on 
the site of origin of the tumours. The hair matrix lies in most areas in the 
deepest part of the dermis or even deeper. A tumour arising here would spread 
subcutaneously. But rodent ulcers grow practically always (there was no demon- 
strable exception in our series) primarily between dermis and epidermis. This 
applies even to the epithelioma adenoides cysticum type of tumour, at least in 
all the cases we have seen (Fig. 1). Deep-lying skin tumours, for which a direct 
origin from formed adnexae must be postulated, are probably always either 
hidradenomata (Gates, Warren and Warvi, 1943) or the so-called benign calci- 
fying epitheliomata (Cété, 1936), which we think is (at least in its most charac- 
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teristic variety) the only true hair matrix tumour. Neither of these tumours 
belongs to the rodent ulcer group. 


Epidermal origin of the rodent ulcer. 


We join with the great majority of authors in finding no fault with Krom- 
pecher’s (1900) original derivation of the rodent ulcer by proliferation from the 
under surface of the epidermis. Where we find it necessary to disagree with them 
is in the assumption that this necessarily involves a specifically basal-cell origin. 
As von Hansemann (1907) was first to point out, the surface epithelium and 
squamous carcinoma arise equally from the basal layer of the epidermis. It 
seems, however, to be generally believed that if squamous carcinoma and rodent 
ulcer are different tumours they must have separate cells of origin. This is not 
necessarily so. The epidermis has two functions: one is to supply the body 
with its protective coat, the other the production of adnexae. At the time of 
first formation of hair follicles the epidermis possesses only a rudimentary “ peri- 
trichous ”’ outer layer, and all the capacity for growth in either of its two main 
directions resides in one layer of cells. Of the nature of the stimuli to these 
two forms of proliferation and differentiation we are largely ignorant. The 
stimulus to active keratin-ward proliferation (whatever its proximate mechanism) 
must be found in some contact with the external world—though there must be 
a basal level of activity of the degree seen in implantation cysts. The stimulus 
to the adnexa-ward proliferation almost certainly comes from some form of 
organizer-like action of the mesoderm. Direct evidence for this in mammals is 
lacking, studies of hair genesis so far available (Danneel, 1931; Trotter, 1932) 
being purely anatomical. But in birds, where the large size of the feather papilla 
makes transplantation experiments possible, the work of Lillie and his school 
has produced a great deal of evidence on the process of morphogenesis (Lillie, 
1942), and it is known that the original stimulus to feather growth arises in the 
dermis (Wang, 1943), though the type of epithelium responding to the stimulus 
partly determines the type of feather to be formed. In the absence of evidence 
to the contrary it seems reasonable to assume that in mammals hairs and sweat 
glands are evoked from the epidermis by similar stimuli derived from the dermis. 

Thus we have two stimuli, two responses, and two very different forms of 
tissue formed from the same layer of cells. Correspondingly we have two forms 
of tumour. It is simplest (though perhaps not entirely necessary) to state the 
resultant hypothesis in terms of Pullinger’s (1949) theory of tumour origin in 
general. According to this, squamous carcinoma would be the result of the 
acquirement by epidermal cells of the ability to produce within themselves some 
stimulating substance which is normally only derived by external irritation, 
and rodent ulcer is the result of the acquirement by the same cells of the ability 
to produce an altogether different substance—a substance which is the normal 
stimulus to growth of the adnexae and which is normally derived only from the 
dermis. 

Why then, if it results from the application of the same stimulus to the same 
tissue, is the rodent ulcer so poor a copy of hair follicle or sweat gland? A possible 
answer may lie in the importance of the connective-tissue framework in the 
differentiation of adnexae, a matter concerning which there is some experimental 
evidence. Medawar (1944) noted a phenomenon seen in rabbit skin homo- 
transplants, which one of us has been able to study during the course of experi- 
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ments reported elsewhere (Dempster, Lennox and Boag, 1950). The relevant 
experiments involve the transplantation of small whole thickness grafts of skin 
from one rabbit to another. The epidermis dies within ten days, but the dermis 
survives (at least as a formed structure—cellular death may occur earlier) for 
some weeks. In the interval the bared surface of the graft dermis is often 
covered by host epidermis. This new epidermis grows rapidly into the holes 
left in the donor dermis by the death of the donor hair follicle epithelium, and 
within less than four days differentiates into well-formed hair follicles (Fig. 14). 
The graft is thrown off before actual hairs have time to form, but differentiation 
is otherwise complete. The fact that surface epidermis in the adult retains this 
remarkable capacity to form new hairs given the appropriate stimulus seems to 
dispose of the necessity of assuming—as Foot (1947) did—that adnexa-like 
tumours can only be formed in the adult from rests of foetal material left in the 
epidermis. 

The presence of a preformed collagen framework is then, surprisingly enough, 
a sufficient stimulus to the differentiation of a hair follicle. It is not unreasonable 
to assume that the right framework could equally evoke a sweat gland. It is 
possible that in the foetus the.dermis supplies to the epidermis simply a non- 
specific stimulus to downward proliferation, and that the shape (not simply the 
microscopically visible shape, perhaps) of the connective-tissue matrix into which 
it grows determines the type of structure formed. If that were so the rodent 
ulcer would be easy to understand. It is a downgrowth of cells which have all 
the cellular potentiality for differentiation of all the skin adnexae, but which 
fail to make contact with the right connective-tissue matrix and so cannot 
produce an organized structure. Without a gland basement membrane they 
cannot assume the polarity and pattern of a gland, even though they can secrete ; 
without a hair papilla they will not form a hair shaft, even though they can 
keratinize. 

This hypothesis is in some respects a development of that of Kyrle (1916). 
Though somewhat speculative, especially in its latter parts, it does at least seem 
capable of explaining the peculiarities of this remarkable tumour better than 
most of its numerous predecessors. 


SUMMARY. 


1. An attempt to classify a series of 150 rodent ulcers according to the method 
of Foot (1947) failed. 

2. Four forms of differentiation were selected for special study, chiefly because 
their presence or absence could be readily assessed. They were palisading 
(present in 73 per cent of cases), fluid formation (58 per cent), whorls (36 per 
cent), and melanin (35 per cent). 

3. An analysis of the clinical behaviour of tumours showing each of these 
forms of differentiation revealed no differences between them. 

4. The four forms of differentiation associated together in a purely random 
manner ; it is argued that this would be improbable if in fact there existed any 
histologically distinct varieties of the rodent ulcer. 

5. Fluid formation was found to be much commoner in rodent ulcers than is 
generally supposed. It is suggested that it is an active secretion of the tumour 
cells, and may be sweat. 
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6. Doubt is thrown on the existence of abortive hair follicles in the tumours, 
and of the baso-squamous group; both depend on doubtful interpretations of 
the structures here called whorls. 

7. A gradation in behaviour of rodent ulcers depending on the degree but not 
the type of differentiation is demonstrated. The better differentiated are less 
common on the face, appear in younger patients, recur less frequently and respond 
better to irradiation. The extreme ends of this series are represented by the 
epithelioma adenoides cysticum, and by a group of undifferentiated tumours 
whose status is doubtful, but which behave like rodent ulcers. 

8. A hypothesis is proposed ascribing the rodent ulcer to the autogenous 
production by the epidermis of a stimulus to proliferation normally supplied by 
the foetal dermis. 


Our thanks are due to Professor J. H. Dible, Dr. C. V. Harrison, Dr. I. Doniach 
and Dr. A. G. E. Pearse for their help and criticism, to Dr. Constance Wood 
and Dr. Lilian Walter for their help with the clinical aspects, to Dr. D. A. Mitchi- 
son and Mr. J. W. Boag for their assistance with the statistics, to Dr. M. E. 
Lennox for the analysis of many case-histories, to Mr. E. V. Willmott for the 
photomicrography, and Mr. J. Griffin for the histological preparations. 
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THE fully developed rodent ulcer is a tumour which is both well known and 
well named, for in the absence of effective treatment it relentlessly gnaws its 
way into the body, and death inevitably follows from infection and exhaustion. 
Fortunately it is a lesion that is remarkably amenable to treatment, and as from 
its earliest stages it is clearly visible externally the advantages would seem to be 
all with the surgeon or radiotherapist. Yet, in spite of this, cases are still seen 
from time to time in which the tumour advances, despite treatment, and leads 
to the appalling destruction of the head or face, exposing nasal cavities, eyes or 
even the brain itself in due course, which was commonplace in former times. 

The assistance which histology can give in the prognosis of a rodent ulcer 
depends on the mode of treatment employed. If the lesion is excised surgically 
the future outlook for the patient depends on whether excision has been complete 
or not, and the cellular details of the growth present are of little importance, 
for we are not concerned with the possibility of metastatic dissemination having 
occurred. Apart from confirming the diagnosis the histologist has only to be 
satisfied that there is a margin of uninvaded tissue all round the tumour, and this 
is largely a technical problem of cutting the section in the right plane. 

If the tumour is to be treated by radiotherapy, it is obviously desirable to 
know beforehand whether it is likely to react favourably. It is well known that 
rodent ulcers vary to a certain extent in their histological pattern, and the present 
investigation was designed to show whether any of these variations could be 
related to the outcome of radiotherapy. 


PATHOLOGY OF RODENT ULCER. 
Histogenesis. 

For many years, following the lead of Krompecher (1900), the lesions which 
we are considering were regarded as originating in the basal layer of the squamous 
epithelium and as being composed of solid masses of these cells. The basal layer 
of the epidermis, if it differentiates, does so to give rise in succession to the other 
layers of the epidermis. As none of these other cell types are seen in the typical 
rodent ulcer, the lesion must be considered as being completely undifferentiated. 
But such a tumour should be highly malignant, more so at any rate than the 
ordinary keratinizing squamous cell carcinoma. This difficulty is resolved by 
the more recent view, apparently a revival of Krompecher’s first thoughts on the 
matter, which relates these tumour, not to the basal layer of the epidermis, but 
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to those accessory structures of the skin derived from the surface epithelium, the 
hair follicles and sweat glands. Haythorn (1931) for example, relates the tumours 
in nearly every case to existing hair follicles and matrix, regarding any connection 
between epidermis and tumour tissue as secondary and fortuitous. Some workers 
find it difficult to reconcile an origin in the hair matrix, which is comparatively 
deeply situated, with the superficial situation of early tumours. But hairs have 
a definite life span, at the end of which they atrophy, are shed and replaced. The 
replacement hairs normally develop in the same follicles, though occasionally 
buds or outgrowths from the upper parts of the pilosebaceous follicles looking like 
abortive or atrophic hairs are seen (Fig. 1 and 2). It seems reasonable to suppose 
that rodent ulcers of pilar types may originate from such buds, a view which would 
account for their superficial situation. Other writers still believe that the tumours 
may arise as downgrowths from the surface epithelium, but regard such down- 
growths as in the nature of perverted attempts at hair formation. Further 
support is given to the pilar theory of origin by the fact that the tumours never 
arise from squamous epithelium in internal regions where there are no hairs, 
while their prevalence on the face may be due to the way in which hairs are con- 
genitally and hormonally repressed, or are thwarted in later life in that region. 

Well differentiated sweat-gland tumours are usually obviously adenomatous 
and glandular in type, recognizable for what they are, and named accordingly. 
Cylindromas, benign circumscribed tumours usually occurring on the scalp, are 
less obviously derived from sweat glands, though they are now generally conceded 
to be so. Certain clinical rodent ulcers bear sufficient histological resemblance 
to the accredited sweat-gland tumours just mentioned for us to regard sweat 
glands as a possible source of rodents. Opinions differ as to what constitutes 
a sufficient histological resemblance ; Haythorn (1931) regards sweat glands as 
rarely if ever the source of rodent ulcer, whereas Foot (1947) attributes a consider- 
able percentage of rodent ulcers to them. 

Evidence of differentiation in pilar tumours is less easy to make out. Anything 
resembling a hair shaft is rarely if ever seen in these tumours, just as enamel is 
not found in adamantinomas ; but longitudinal fibrils such as are seen in the 
normal hair matrix were noted by Haythorn (1931) in rodent ulcers, while granules 
resembling trichohyalin and parakeratin pearls may be seen. Nevertheless, 
there remain a considerable number of tumours in which there is insufficient 
evidence to indicate to which of the accessory skin structures the growth is 


related. 


Nomenclature and classification. 


Many names have been suggested for these tumours from time to time, but 
none is entirely satisfactory. There are two main difficulties. Firstly, names 
hinting at the origin of the tumours are undesirable, for as we have seen there is 
no general agreement in this matter; secondly, lesions histologically identical 
with typical rodent ulcers may take the form of non-ulcerated nodules which 
remain unchanged for years, a type of tumour for which names such as “ basal 
cell carcinoma” seem inapt. Although this second objection applies also to 
*‘ rodent ulcer,” .it seems least open to objection and remains in general use to 
cover the whole group. 

From what has gone before it will be apparent that the classification of these 
lesions is also a matter of considerable difficulty, and various schemes have been 
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suggested reflecting their authors’ views on the histogenesis and malignancy of 
the growths. 

Krompecher (1900), as we have seen, regarded the tumours as solid masses 
of undifferentiated basal cells, and his classification is largely based on the occur- 
rence of certain degenerative changes. 

Foot (1947) has recently proposed a classification based on the adnexal 
theory of origin. He proposed three main subdivisions, the pilar type, the sudori- 
parous glandular type, and a basal-celled type which he suggests may really be 
a plexiform epidermoid carcinoma. The pilar type, which included about three- 
quarters of the tumours in his series, he further subdivided into a pilar type proper, 
a primordial type, a cylindrical celled or “ ribbon ” type, and a cystic type. The 
pilar type proper “ imitates the architecture of hair follicles in an unmistakable 
manner.” The cell masses are described as having a basal layer within which are 
concentrically arranged islands that imitate various elements of the normal hair 
follicle, with clumps or masses of keratinized material at the core. In the prim- 
ordial type there is a similar palisade around a central core of polymorphic 
elements which are scattered in a haphazard fashion. Either of these two types 
may undergo cystic degeneration and give rise to the cystic type. 

This classification has the advantage that the groups correspond to the tissue 
of origin of the tumours, rather than to their superficial appearance alone. Its 
main disadvantage is that although it is comparatively simple to select tumours 
from any series to illustrate each of the types, it is often extremely difficult to 
decide into which category a particular tumour should be placed. Although it 
may be possi. 2 to classify most tumours easily as pilar or sudoriparous, there 
remain a considerable number of doubtful origin which can only be classified 


according to the personal predilections of the classifier. Difficulties arise also in 
the subdivision of the pilar group on account of varying appearances in different 
areas of the same tumour. 


Basal squamous carcinoma and squamous metaplasia. 


Those who believed the typical rodent ulcer to be composed of undifferentiated 
basal cells inevitably looked upon the formation of any structure resembling a 
cell nest as an indication of squamous metaplasia or of admixture with ordinary 
squamous-cell carcinoma. Darier and Ferrand (1922) first described what has 
since been known as “basal squamous cell carcinoma’”’; they described two 
types, a mixed type in which groups of prickle cells and pearls appeared in other- 
wise basal-celled tumours, and an intermediate type in which all the cells were 
regarded as having characteristics intermediate between those of basal and 
squamous cells. Relative resistance to radium treatment and a tendency to 
invade the regional lymph nodes were features of these growths which were 
stressed in the original paper. 

No mention is made of this type of growth in Foot’s (1947) paper, and from 
his description it would appear that he includes the “ mixed type ”’ in his “ pilar 
type proper,” interpreting the whorled and pearly arrangement as evidence of 
differentiation in the direction of the upper part of the hair follicle. A note was 
made of any tumours in the present series that seemed to conform to the descrip- 
tions of basal squamous carcinoma, to see whether their relative radio-resistance 
could be confirmed. 

Squamous metaplasia was occasionally noted in the ulcers in this series. 
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The rodent ulcer is a very chronic ulcer, and the epithelium at its margin is con- 
stantly proliferating in an endeavour to grow over and heal the lesion. Irregular 
proliferation in this region is very liable to be interpreted as early malignancy, 
and may perhaps on rare occasions develop into carcinoma giving a truly mixed 
basal and squamous growth, but no examples of this were encountered. 

Just as a normal hair follicle exposed on the surface after burning has destroyed 
the superficial layers of the skin may undergo metaplasia and produce squamous 
epithelium to grow over the denuded surface, so also may the cells of a well 
differentiated hair-follicle tumour become squamous and spread over the floor 
of the ulcer. This appearance was often seen in biopsies from the superficial 
parts of the lesions, and is liable to lead to confusion with the intermediate type 
of basal squamous growths. 


MATERIAL AND PROCEDURE. 


All the 850 sections of basal cell tumours of the skin prepared in this Institute 
since 1925 were examined to get some idea of the possible histological variations 
and see whether the tumours could be fitted into the various schemes of classifi- 
cation. From this large number 200 cases were finally selected to form the basis 
of the present investigation. The selected cases were all those that fulfilled the 
following conditions : 


1. The sections must be of sufficient size to give a reasonable impression of 
the histology of the lesion. A biopsy may well be adequate for making a diagnosis 


of rodent ulcer, and yet be too small for our present purpose. 
2. The patient must have been adequately followed up for ten years. 


To facilitate the subsequent analysis the information available about each 
case was recorded on a separate card. On the front of the card were noted the 
patient’s name and age, the site and size of the lesion, whether more than one 
ulcer was present, how long it had been present, and a brief account of treatment 
and result. 


EXPLANATION OF PLATES. 


Fic. 1.—Section from the scalp of a man of 50 showing a vestigial hair branching off from the 
upper part of a philosebaceous follicle. x 35. 

Fic. 2.—The vestigial follicle shown in Fig. 1. x 350. 

Fic. 3.—Rodent ulcer composed of spindle-shaped cells (Type A). x 85. 

Fic. 4.—Part of the circumscribed spindle-celled tumour shown in Fig. 3. x 350. 

Fic. 5.—Normal hair root from the scalp. x 50. 

Fic. 6.—Part of Fig. 5 at a higher magnification to show the hair matrix cells. x 350. 

Fic. 7.—A circumscribed rodent ulcer composed of Type B cells, with a well-marked palisade 
layer. xX 85. 

Fic. 8.—Part of the tumour iliustrated in Fig. 7, showing the reticular arrangement. x 350. 

Fic. 9.—Normal hair showing the resemblance of the outer root sheath to the rodent ulcer 
in Fig. 8. x 350. 

Fic. 10.—Rodent ulcer showing whorls and parakeratin pearls. xX 65. 

Fic. 11.—The edge of a rodent ulcer showing rounded or circumscribed cell masses bounded 
by a palisade layer. x 30. 

Fic. 12.—Part of Fig. 11 at a higher magnification. x 200. 

Fic. 13.—The advancing edge of a rodent ulcer of infiltrative type, showing the fibrotic 
lacrimal gland below. — x 30. 

Fic. 14,—Columns of infiltrating cells from the tumour shown in Fig. 13. x 200. 
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In any investigation of this sort the issue tends to be confused by the number 
of variables involved. In addition to the histological features with which we 
are primarily concerned, there are variations of the technique of irradiation, in 
the original size of the lesion, and so on. If any conclusions are to be reached 
we must reduce these other variables to the simplest terms, and although on the 
cards the method of treatment was noted as surgical excision, or radiotherapy, 
the latter again as surface application of radium, insertion of radium, radon, and 
superficial or deep x-rays, these methods of treatment often being used in com- 
bination or successively, in the final analysis treatment was indicated as “‘ surgery”’ 
or “‘radiotherapy.” The results of treatment had also to be simplified, and the 
cases were classified eventually into A for cure following a single method of 
treatment, B where cure followed treatment of a recurrence, and C where the 
condition progressed despite treatment or there were numerous recurrences. 

On the back of the card the histological features of the tumour were recorded. 

The sections of the tumours in this series were studied and a certain number 
were noted as being probably of sweat-gland origin. The majority of the tumours 
were thought to be of pilar origin, and it was apparent that two main types of 
cell and arrangement could be made out in these pilar tumours. In one type 
the cells were spindle-shaped with relatively little cytoplasm (Fig. 3 and 4), and 
resembled those of the hair matrix (Fig. 5 and 6); tumours composed predomi- 
nantly of such cells were noted on the cards as Type A. The other variety, 
Type B, was composed of rather smaller cells with relatively more cytoplasm, 
having a reticular arrangement, often with small clear intercellular spaces (Fig. 7 
and 8), and resembling the cells of the outer sheath of the hair root (Fig. 9). 
In tumours composed of this type of cell whorls and parakeratin pearls were 
sometimes found (Fig. 10). These two types, between which there were many 
mixed and intermediate forms, were taken to represent differentiation of the 
tumour in the direction of different parts of the normal pilar unit. 

The tumours were also divided up according to their habit of growth. The 
least invasive tumours, composed of rounded or at any rate circumscribed cell 
masses, usually having a well-marked palisade layer and basement membrane, 
and often with evidence of differentiation either in the direction of hair or sweat 
glands were classed as Group I (circumscribed) (Fig. 11 and 12). Other tumours 
were recognized as having an infiltrative habit of growth. The tumour cells, in 
columns or streaks, could be seen infiltrating the connective-tissue planes, and 
basement membranes were usually absent (Fig. 13 and 14); these were classed 
as Group III (infiltrative). A third intermediate group comprised those tumours 
which were predominantly circumscribed, but with evidence of invasiveness in 
places. Compression of the cell masses by newly formed fibrous tissue gave an 
effect likely to be confused with infiltration, and as this was most oftenseen 
following irradiation, sections of recurrences following such treatment were not 
classified in this way. 


ANALYSIS OF FINDINGS. 
Age, sex and site incidence. 

Before proceeding to the histological analysis of the cases we may note here 
the age and sex incidence of rodent ulcers, including for this purpose the older 
patients who had an insufficient period of follow-up for the main series. There 
were 148 males to 95 females, and their ages were distributed as shown in Table I. 

15 
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TABLE I.—Age Incidence of Rodent Ulcers. 


Age-group. Number. Age-group. Number. 
0-9 ° 0 50-59 , 55 
10-19 ‘ ] 60-69 . 65 
20-29 ‘ 2 70-79 ‘ 66 
30-39 , 16 80+ ; 9 
40-49 ‘ 29 


As the 70-79 age-group contains fewer individuals than the two or three 
decades preceding it, it is obvious that the percentage incidence of the disease 
is at its highest in this group. This fact introduces a special difficulty into the 
assessment of the efficacy of treatment of rodent ulcers, for a considerable number 
of the patients will die from natural or other causes before an adequate follow-up 
period has elapsed, and are likely to be classed as “* cured,” when in fact the lesion 
might well have recurred had the patient lived longer. Insisting on a ten-year 
follow-up, as in this series, is bound to give a higher recurrence rate than those 
usually quoted. 

The age noted on the cards was the patient’s age at the beginning of treat- 
ment. Patients often have a hazy idea about when they first noticed the lesion 
and errors would certainly be introduced by attempts to date back their age to 
the first appearance of the growth. 

The lesions were situated as shown in Table II. Out of the 210 ulcers, all 
but 20 were situated on the head and face, similar figures to those given by 
Wakeley and Childs (1949), who found 27 ulcers on the rest of the body as against 
210 on the face or scalp. Of the 20 ulcers in the present series situated other than 
on the head, 2 failed to respond to treatment. The majority of ulcers occurred in 
the region of the eyes, nose, cheeks and forehead, with a smaller number of the 
scalp. More than one ulcer was present in 31 out of the 200 patients. 


TABLE II.—\Site of Rodent Ulcers. 


Cheek ; ‘ 43 Abdominal wall 
Lip . . ; 7 Neck , ‘ 
Chin . , : 4 Back and shoulders 
Temple ‘ ‘ 13 Forearm 
Scalp ‘ : 14 Hand 
Forehead . : 20 Breast 
Eyelids ; ; 45 Leg 
Nose . ; ; 34 Groin 
Ear . : : 10 Vulva 

Scrotum 


— OO oe Cr em ND 


190 


Results of treatment. 

Surgery.—Primary surgical excision was the method of treatment used for 
63 ulcers in this series. Of these, 12 subsequently recurred. 

Histological examination of the excised ulcer is of value to the surgeon mainly 
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as an indication as to whether removal has been complete. For this, serial 
sections through the whole lesion would obviously be necessary, but usually an 
opinion can be given on a section taken through the region where the tumour 
comes nearest to the edge of the specimen. The sections available did not 
always include the whole lesion, but where this was so a note was made as to 
whether excision appeared to be complete, incomplete or doubtful. Of the 
12 cases which recurred, 8 were obviously incompletely excised, one appeared to 
have been completely removed from the section studied, and 3 were doubtful. 
Of the 51 successful excisions, 42 had been removed with an adequate margin 
of healthy tissue, one tumour reached to the limit of excision, and 3 came so near 
to the edge that the outcome seemed doubtful. In the remainder the sections 
available did not cover the whole lesion and no opinion as to completeness of 
removal could be given. 

Of the 12 failures with surgery, one was cured by further excision, and 4 more 
by irradiation. Three of the remaining 7 died as a result of the disease, unchecked 
by further surgery or irradiation, 2 patients are still alive with the ulcer active, 
and the other 2 died of other causes with the ulcer uncured. The slow growth 
of some of these tumours is illustrated by one of these patients who lived 12 years 
after the incomplete excision of a rodent ulcer of the forehead. In all the com- 
pletely failed cases the lesion was more than one inch in diameter when first seen 
or involved underlying bone or cartilage ; all these lesions were situated on the 
head or face. 

Radiotherapy.—Radiotherapy was the primary method of treatment used for 
121 of the ulcers in this series. Of these, 82 proved to be radiosensitive and did 
not recur, but 39 recurred within 10 years or persisted after the first course of 
treatment. Of these 39 ulcers, 19 were soon cured by further treatment, leaving 
20 which proved radio-resistant. 

It is proposed to compare the incidence of various histological features in the 
biopsies from the 82 lesions cured by a single course of radiotherapy with their 
incidence in the 20 radio-resistant ulcers. These figures incidentally introduced 
must not be considered as representative of the results of radiotherapy by modern 
methods, for it must be remembered that these cases were all followed for 10 years, 
the most recent treatment being therefore in 1938. 


Influence of size of lesion on prognosis. 


Before considering the histological analysis of these cases it is interesting to 
note the influence of the size of the lesion on the prognosis. The greatest measure- 
ment of the ulcer in inches was noted on the cards, and these sizes were then 
divided into two groups, large and small, taking one inch or more as the criterion 
of largeness. This boundary between large and small was placed quite arbitrarily 
and in fact there proved to be about twice as many small lesions as large. 

Of the surgically excised lesions, the size had been noted in 51 cases, and of 
these 16 were large and 35 small. Of the tumours that did not recur after removal, 
27 per cent were graded as large ; whereas of the tumours which did recur, 55 per 
cent were large. 

In the group of cases cured by the first course of radiotherapy there were 
twice as many small ulcers as large ; in the radio-resistant group the ratio was 
more than reversed, there being three times as many large as small. 
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Influence of type of lesion on prognosis. 

As has been described already, the lesions were classed on their histological 
appearance as being circumscribed (Group I), predominantly circumscribed, but 
with early infiltration present (Group II), or infiltrative (Group III) in their type 
of growth. It was hoped that this classification might give an indication of the 
malignancy of the tumours without introducing controversial problems concerning 
their origin. 

It may be suggested that the infiltrative lesions are the large and advanced 
ones, and that any correlation we may note between type of growth and prognosis 
will merely be a repetition of what we saw in the preceding section. The whole 
series of surgical cases, including also those in which surgical excision was com- 
bined with radiotherapy in the first instance, was therefore grouped as to size of 
lesion and type of growth. The results are shown in Table III, omitting for the 
sake of clarity the Group II cases. 


TABLE ITI. 


Size of Lesion. 





Type of Growth. Large. Small. 
Cireumscribed . ; ; ; ) : 24 
Infiltrative , , ; : 10 ; 18 


It will be seen from Table III that although the small lesions are more com- 
monly of the circumscribed type, the large lesions are as often still circumscribed 


as infiltrative. 
The correlation between the type of growth and the result of treatment can 


best be shown in the form of a table (Table IV). 


TABLE IV. 
Cured. Recurred. 
{ron I ; ; 29 ; 0 
Surgical cases Group II. . 11 ‘ 0 
Group III. ‘ 11 ‘ 12 
Success. Failure. 
Group I ‘ ‘ 43 : 5 


Radiotherapy cases < Group II. ‘ 12 7 0 
Group III. , 27 : 15 


The figures in Table IV clearly show that the prognosis is far better with the 
circumscribed than with the infiltrative growths. 


Palisade layer. 

The next few histological features to be considered were assessed only for their 
bearing on the reaction of lesions to radiotherapy. Their incidence is therefore 
compared between the group of tumours which were cured by the first course of 
radiotherapy, and those which were uncured by more than one course of such 
treatment. To this latter group of cases were added 6 patients who were first 
treated by irradiation at some other hospital and whose recurrences proved 
radio-resistant here. 
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The cell masses which go to make up a rodent ulcer are often bounded peri- 
pherally by a layer of columnar cells, usually known as the palisade layer (Fig. 7 
and 8). This layer was noted on the cards as being prominent, less well defined, 
or absent ; only the first and last groups are considered here, and the correlation 
with the result of radiotherapy is shown in Table V. 


TABLE V. 
Success. Failure. 
Palisade layer well marked 41 ; 13 
Palisade layer absent R : 11 : 9 


Palisade formation is more often well-marked in the group which reacts 
favourably to irradiation than in the resistant lesions. There was only partial 
correlation between the presence of palisades and the circumscribed type of 
growth. The great majority of the lesions with no palisade formation apparent 
on section were of the infiltrative variety, whereas in the group with well-marked 
palisades 30 were circumscribed (Group I) and 19 infiltrative (Group III). Of 
these 19 infiltrative lesions, 10 were radio-resistant, so that it would suggest that 
the type of growth is of greater prognostic significance than the degree of palisade 
formation. 


Mitoses. 


Mitoses were noted as being “‘ numerous ’’ when they could be found without 
difficulty in the sections, often several in a field, as “‘ present ’’ when examples 
could be found easily but in smaller numbers, or as “ absent.”’ If we include 
also the surgical cases, then mitoses were numerous in 48, occasional or “ present ”’ 
in 32, and absent in 99. That is to say that 45 per cent of the lesions in this 
series showed mitoses, which were numerous in 27 per cent. The relation between 
the number of mitoses and the outcome of radiotherapy is shown in Table VI. 


TaBLeE VI. 

Mitoses. Success. Failure. 
Numerous ‘ ; ‘ : 18 , 6 
Present . ; ‘ : ; 14 . 
Absent . : ‘ ‘ : 50 ’ l 


It clearly makes no odds to the outcome of radiotherapy whether the lesion 
shows many, few, or no mitoses. 


Pigment. 


The presence of melanin in the lesions was similarly noted as marked, slight 
or absent. The correlation is shown in Table VII. 


TasBie VII. 

Pigmentation. Success. Failure. 
Present . y . ; ‘ 5 ; 0 
Slight . i ‘ ‘ , 2 : 1 
Absent . ; . Pp , 75 ‘ 25 
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Pigmentation was thus present in only 8 out of the 108 cases, and the figures 
are too small for the assessment of prognostic significance: at any rate all the 
cases in which pigmentation was marked were cured by the first course of irradia- 
tion, so that this would not appear to be a contraindication to such treatment. 
Pigmentation only seems to be at all well marked in the better differentiated 
lesions. In 2 tumours in the series pigmentation was very prominent ; both were 
diagnosed clinically as malignant melanoma and were widely excised together 
with the regional lymph glands, and both patients were cured. This possibility 
of clinical confusion with radio-resistant tumours of the melanoma group results 
in the majority of pigmented rodents being treated surgically. 


Mucus and cysts. 


Table VIII shows the relation between mucoid degeneration and cyst for- 
mation in the tumours and their reaction to radiotherapy. 


TaBLE VIII. 


Result of Irradiation. 





Success. Failure. 


Mucus + : , . ‘ 32 , 12 
Mucus — . ‘ ‘ : 46 : 14 
Large cysts. ; , ; 9 . 2 
Small cysts. , : . 12 , 3 


No cysts : ; ‘ . 57 ‘ 21 


The cysts, where present, contained mucoid material. Mucus, when present 
in the absence of cysts, was intercellular, around the periphery of the cell masses, 
or in the stroma. It is clear that no prognostic significance can be attached to 
the presence of mucus or cysts in the lesions. 


Cell type. 

There were only 11 tumours in the series that were thought to have originated 
in sweat glands. Five of these, all circumscribed lesions, were excised without 
recurrence. The other 6 were treated by radiotherapy ; one recurred but was 
cured by subsequent excision, 4 were cured by the first course of treatment and 
the sixth case, first treated 20 years ago, is still active despite repeated radio- 
therapy and surgical excision. There are clearly not enough cases of this type 
for statistically significant conclusions to be drawn, but the sudoriparous growths 
appear to behave much like the general run of rodent ulcers. 


TaBLeE IX. 
Type A. 
Irradiated successfully . ; 28 
Qualified success ‘ , ; 5 
Unsuccessful irradiation . ‘ il 
Surgically excised . : ‘ 21 


Total ‘j ; . 65 
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The pilar tumours were divided into two groups depending on whether the 
larger spindle-shaped cells resembling those of the hair matrix predominated, 
or the smaller cells having a reticular arrangement like those of the hair sheath. 
The results of irradiating these two types are shown in Table IX, designating the 
two types A and B respectively. 

It appears from Table [X that the two types are equally common and that 
they do not differ significantly in their response to irradiation. It is important 
to remember that these are not clear-cut types, but represent tendencies towards 
different parts of the pilar unit, and some areas of both types could be found in 


most tumours. 


Basal squamous carcinoma. 

Of the 121 ulcers treated by radiotherapy only 12 were placed in this group ; 
and since of these 12 no less than 6 were uncured, there would seem to be some 
evidence to support their relative radio-resistance. The numbers are still small, 
however, and a further investigation is planned into the reaction to irradiation 
of the larger numbers of these growths seen in recent years. 


CONCLUSIONS. 


The prognosis for the patient following the surgical removal of a malignant 
tumaur, for example a carcinoma of the breast, depends on whether it has already 
extended directly or by metastasis beyond the region excised. If the primary 
tumour only is available for examination, the likelihood of metastasis having 
occurred can be gauged from the histological grade of malignancy of the growth 


so that the grading alone is of considerable prognostic significance. 

With a surgically excised rodent ulcer the problem is simpler. The question 
of metastasis does not arise, and it is only necessary to be sure that the margin 
of the excised tissue is free from growth. This can be done by cutting serial 
sections of the excised tissue, which is well worth while if there is any doubt. 
If serial sections are not prepared, then the nature of the growth itself gives a 
fair indication, for tumours of the circumscribed type, as we have called it, are 
relatively compact and their extent is apparent from the surface, whereas infil- 
trative growths extend beyond their apparent limits. 

When considering the results of radiotherapy it is important to distinguish 
clearly between radio-sensitivity and radio-curability. A tumour which melts 
away when irradiated may often recur, whereas the tumour which can be destroyed 
curing the patient, may show no dramatic immediate response. In this investi- 
gation the ten-year cure is the criterion of successful treatment, so that radio- 
curability is all we are concerned with. It is well known that the histological 
grade of malignancy as applied to carcinomas of the skin, say, or breast, has some 
bearing on the outcome of radiotherapy—those of low-grade malignancy often 
being curable, those of high malignancy usually being sensitive, but recurring. 
In carcinomas of the breast such features as the degree of tubule formation, 
variability in size and staining of the nuclei and the frequency of mitoses are all 
significant, and are taken into account in determining the grade. The results of 
the present investigation have been largely negative, for most of the histological 
features of rodent ulcers considered have been shown to be without significanve in 
assessing the probable outcome of treatment. Thus neither mucus formation, 
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the presence of cysts, pigmentation, nor even the number of mitoses seem to have 
any bearing on the question. 

The only method of dividing up the tumours which seemed to bear any 
relation to the prognosis was that based on the habit of growth, into circumscribed 
or infiltrative, and the fact that an intermediate group was necessary indicates 
the difficulty in making this distinction. Grading as practised in connection 
with carcinomas of the breast and elsewhere is an indication of the degree of 
malignancy of malignant tumours ; the term ‘‘ Group ”’ has been used here rather 
than “‘ Grade ” in view of the suspicion that many of the Group I tumours are 
probably in actual fact benign. The classification of rodent ulcers into pilar 
and sudoriparous varieties is difficult, and there is no evidence that they differ 
in their behaviour. 


SUMMARY. 


1. A series of 850 rodent ulcers has been examined ; 200 cases that had been 
followed up for 10 years or more have been studied in detail. 

2. It was concluded that rodent ulcers originate in hair follicles, in sweat 
glands, or in downgrowths of the surface epithelium tending towards the repro- 
duction of these structures. 

3. The better differentiated rodent ulcers can be related either to hair follicles 
or to sweat glands, but this distinction is often impossible with the less differen- 
tiated tumours, and in any case seems to have no effect on the prognosis. 

4. Of the other histological features studied, only the extent to which growth 
is infiltrative seemed to have a direct bearing on the prognosis and prospect of 
cure by radiotherapy. 


My thanks are due to the surgeons of the Middlesex Hospital and to Professor 
B. W. Windeyer of the Meyerstein Institute of Radiotherapy, for allowing me to 
study their cases, and to Miss J. Chambers of the Follow-up Department for 
tracing the patients. 

This investigation was carried out during the tenure of the Gillson Scholarship 
of the Society of Apothecaries in 1948. 
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THE observation of Brdicka (1933) that proteins gave catalytic double waves 
when added to an ammoniacal cobalt buffer and examined polarographically 
was soon applied to an examination of the serum proteins, and Brdi¢ka (1937) 
himself was the first to show that differences could be found in this way between 
normal and cancerous sera. There is no need to relate in detail here the earlier 
studies on the protein reaction as these have already been adequately reported 
(Brdicka, 1939, 1947; Brdicka, Novak and Klumpar, 1939), but it will suffice to 
state briefly that pathological sera after hydrolysis with potassium hydroxide 
and polarographed in cobaltous buffer show a decreased wave height as compared 
with normal sera, but after deproteination with sulphosalicylic acid and the 
filtrates polarographed in cobaltic buffer show an increased wave height. Brdicka 
(1939) found that the latter test, known as the “‘ filtrate test,’’ was more reliable, 
but the readings from both tests are dependent on the temperature, and on the 
characteristics of the dropping mercury electrode. Miiller and Davis (1947) 
introduced an index, known as the “ Protein Index,” derived from the ratio 
of the two tests multiplied by a constant, which was found to be independent 
of the temperature and of the capillary characteristics, and also of the age and 
sex of the subjects. 

The fact that the polarographic test is not specific for malignancy has been 
well established and it is therefore of no use diagnostically, but more recent results 
indicate that it may be of value as a prognostic tool. Robinson (1948), using the 
filtrate test, has studied its application in the prognosis of prostate cancers, and 
has obtained results which are superior to those obtained with the acid phos- 
phatase test normally used for this type of cancer. The purpose of the work 
to be reported below was to gain further information concerning the usefulness 
of the method, and to compare it with other methods which might be more appli- 
cable in general routine. Over 100 sera have been examined polarographically, 
and a smaller number examined by means of the “ Huggins test ’’ and by the 
tryptophane-perchloric acid reaction. 

Since the publication by Huggins, Miller and Jensen (1949) of the “ Huggins 
test,” depending on the relative ease of the thermal clotting of serum in the 
presence of various concentrations of iodoacetate, many workers have investigated 
its application (Bodansky and McInnes, 1950; Homburger, Pfeiffer, Page, 
Rizzone and Benotti, 1950). The original authors stated that the “ iodoacetate 
index,” obtained by dividing the highest concentration of iodoacetate in which 
clotting could still occur by the total protein content of the serum, was lower in 
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sera from cases of malignancy when compared with normal sera. The results 
obtained from an examination of a limited number of sera by means of the 
modified method (Huggins, Miller and Jensen, 1949, private communication) are 
reported below. 

Increases in the polysaccharide content of sera have been observed by a number 
of workers in cases of malignancy, tuberculosis, nephrosis, hepatic cirrhosis and pneu- 
monia (Shetlar, Foster, Kelly, Shetlar, Bryan and Everett, 1949). Using the car- 
bazole method Seibert, Pfaff and Seibert (1948) showed that the globulins (par- 
ticularly the «,-globulin) contained the most of the protein bound polysaccharide. 
In an attempt to determine the nature of the polysaccharide Seibert and her 
co-workers (1948) found that the tryptophane-perchloric acid (TPA) test of 
Cohen (1944) was more useful. Using this reaction the authors claimed a corre- 
lation between increases in the polysaccharide and increases in the «,-globulin in 
cases of tuberculosis and malignancy. Moreover, changes in the TPA readings 
were found in minimal tuberculosis when no change was observed with the car- 
bazole reaction, and it was suggested that this was probably due to the former 
reaction being more specific although the latter reaction is probably more sensitive. 
The identity of the polysaccharide involved in the TPA reaction is not known, 
but only negligible colour formation is obtained with glucose, mannose, galactose 
and glucosamine, while a positive reaction is obtained with desoxyribose-nucleic 
acid and fructose. A few sera have been examined by the TPA reaction and the 
results obtained are recorded below. 


METHODS. 


All cases reported have been from patients at the Royal Cancer Hospital, 
except for four cases from Ashford Hospital, and for nineteen cases from Mr. 
D.M. Wallace. The serum was separated from the clot at the earliest moment, 
and generally stored overnight in the refrigerator. The serum for testing with 
the Huggins reaction or the TPA reaction may have been stored for longer but 
not for more than four days. 


Polarographic. 

The instrument used was a Tinsley pen-recording polarograph. The “ filtrate”’ 
and “ digest ” tests and the calculation of the ‘‘ Protein Index ” were carried out 
according to the method described by Miil’er and Davis (1947). 

(i) Digest test —To 0-5 ml. serum was added 0-5 ml. glass distilled water and 
0-25 ml. N potassium hydroxide, the mixture shaken, and allowed to stand for 
30 minutes ; 0-05 ml. of the mixture was then added to 10 ml. of the standard 
cobaltous chloride buffer solution and the mixture polarographed immediately 
between —0-8V. and —2-0V. The buffer solution was always freshly prepared 
and made up of 20 ml. 0-008 m cobaltous chloride, 10 ml. N ammonium chloride, 
60 ml. water and 10 ml. N ammonia, mixed in that order. 

(ii) Filtrate test—To 0-5 ml. serum were added 1-0 ml. glass distilled water, 
and 0-10 ml. N potassium hydroxide, the mixture shaken, and allowed to stand 
for 30 minutes. Then 1-0 ml. of 0-8 mM sulphosalicylic acid was added, the contents 
of the tube shaken, and after standing 10 minutes were filtered through a 5-5 cm. 
No. 5 Whatman filter-paper. To 9-0 ml. of the standard cobaltic buffer solution 
1-0 ml. of the filtrate was added and polarographed between —0-8V. and —2-0V. 
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The standard cobaltic buffer was made up of 10 ml. 0-01 mM hexaminocobaltic 
chloride, 10 ml. N ammonium chloride and 80 ml. N ammonia, mixed in that order. 

The digest test was found to give more variable results, and this observation 
together with the reported instability of the cobaltous buffer led to the replace- 
ment of this test by the two following : 

(iii) Whole serum test—To 10 ml. of the standard cobaltic buffer 0-1 ml. 
serum was added and polarographed between —0-8V. and —2-0V. 

(iv) Precipitated serum test.—To 0-5 ml. serum were added 1-0 ml. water and 
1-0 ml. 0-8 sulphosalicylic acid, the mixture shaken, and after standing 10 minutes 
filtered through a 5-5 cm. No. 5 Whatman filter-paper. To 9-0 ml. of the standard 
cobaltic buffer 1-0 ml. of the filtrate was added and polarographed between 
—0-8V. and —2-0V. A new index was then formulated derived from dividing 
the value of the filtrate test (Test ii) by the difference between Tests iii and iv 
and multiplying by ten to bring it to a round number, i.e., 


Test (ii) 


ss — <™. 
Test (iii) — Test (iv) 


Blood index (B.I.) = 


Huggins reaction. 

The modified method (Huggins, Miller and Jensen, 1949, private communica- 
tion) was used. The iodoacetic acid was recrystallized from a mixture of equal 
volumes of benzene and 80—100° C. petroleum ether. The protein content was 
determined by the specific gravity method in copper sulphate solutions (Phillips, 
Van Slyke, Dale, Emerson, Hamilton and Archibald, 1944). 


TPA reaction. 

The method as reported in Seibert, Pfaff and Seibert (1948) was used. Reaction 
mixtures were made up of 0-25 ml. serum, 0-75 ml. 0-9 per cent w/v saline, 2-0 ml. 
0-25 per cent w/v tryptophane and 3-0 ml. 60 per cent w/w perchloric acid. The 
contents of the tubes were gently. mixed, the tubes covered and heated in a 
boiling water-bath for 10 minutes. Alter cooling quickly they were allowed to 
stand for 40 minutes and then filtered through a No. 42 Whatman filter-paper. 
Readings were taken with a Gallenkamp colorimeter using an Ilford 404 filter. 
Controls were carried out using water instead of serum, and also with 0-25 ml. 
serum in 5-75 ml. saline, which were unheated. These latter controls usually 
gave negligible readings. 


RESULTS. 
(a) Polarographic. 

The following tests have been carried out polarographically, 34 tests on 
serum from 24 normal persons, 129 tests on 87 cancer patients, and 42 tests on 
40 patients with non-malignant conditions, and 24 of the cancer patients have been 
examined at intervals ranging over a period of 1 to 56 weeks. 

The results obtained with the malignant cases are shown in Table I, where 
they are expressed in terms of the numbers of patients giving positive (i.e., patho- 
logical) and negative results. The upper limit for normal values was fixed at 
an arbitrary level below which the majority of the normals were grouped (21 
negative, 3 positive). Table I is divided into two groups, and considering the 
cases placed in Group (a), it can be seen that 93 per cent gave a positive 
reaction. The only negative readings were in three cases of carcinoma of the 
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TaBLE I.—Ratio of Positive to Negative Polarographic Results given by Sera 
from Malignant Cases. 
Group (a): Excluding Buccal Cavity and Skin Tumours. 
Number of cases. 


Site of tumour. noe = - 
Positive. Negative. 


Alimentary canal 
Breast 

Bronchus 

Ethmoid 

Genital tract (2) 
Lymphatic 
Prostate ‘ 
Kidney . ‘ . 
Femur (fibrosarcoma) 
Cheek (melanoma) . 
Bladder 


— 


—~ me DOI Oe 
SCoSoroooowS 


Oe 
— 


Group (b): Buccal Cavity and Skin Tumours. 


Number of cases. 
A 


Site of tumour. -- - = 
Positive. Negative. 


Buccal cavity with larynx and 
pharynx i ; , 
Skin. ; , , : 2 : 2 


— 


breast and one case of prostatic cancer. The former were (i) a patient with a 
5 years’ history who had been successfully treated by surgery and by androgen, 
and who was clinically normal at the time the blood sample was taken ; (ii) a 
male case who gave a positive reading 2 weeks later ; and (iii) a patient with an 
advanced tumour who gave a negative reading again 2 weeks later. The negative 
prostate case had already been receiving stilboestrol treatment. 

These cases show a high correlation with the clinical observations, but Group 
(b) of Table I gives figures for two malignant groups which appear to give an 
even chance of positive results. Classified in “ buccal cavity’ are carcinomas 
of the fauces, palate, tonsil, tongue, mouth, larynx and pharynx, and in “ skin ” 
are classified carcinomas of nose and scalp. The reason for the uncertainty in 
these cases is not clear, but it may be due simply to the fact that the cases of 
Group (a) had reached the condition at which a positive polarographic reaction 
was possible by the time a clinical diagnosis could be made, whereas the reverse 
had occurred with the Group (b) cases, a finding which may be related to the 
relative ease of diagnosis at an early stage in this latter group. There is no 
evidence that the method as used at present is sufficiently sensitive to detect 
disease at its very early stages, although some cases have been received which 
were originally clinically undiagnosed and yet gave positive polarographic 
readings. Cancers of the alimentary system are frequently at an advanced stage 
when diagnosed,-and it can be seen from Table I, Group (a) that they have given 
consistently positive results. However, since negative readings have been 
obtained with advanced cases of Group (b), it is realized that factors other than 
the relative ease of diagnosis may influence the relative times at which the 
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positive test is manifested and the symptoms recognized. Taking into account 
all the results given by malignant cases an 82 per cent correlation with the clinical 
diagnosis was obtained, although it is perhaps justifiable to consider the Group (b) 
cases separately. 

Of the non-malignant cases 65 per cent gave positive values. The results are 
given in Table II. Ulcer patients have provided the majority of the cases and 
these have tended to give high readings. The three negative results related to 
(i) a patient who had a partial gastrectomy nine years previously and had no 
clinical evidence of the condition at the time of the blood sample; (ii) a case 
who was also suffering from polycythaemia vera ; and (iii) a patient who had a 
densely adherent ulcer which was invading the pancreas and gave a reading 
which was near positive. 


TaBLE II.—Ratio of Positive to Negative Polarographic Results given by Sera 
from Non-malignant Cases. 


Number of cases. 
A 





Condition. — — 
Positive. Negative. 


Adenoma of thyroid 
Arteriosclerosis 

Coronary disease 

Cystic breasts , 
Fibroadenoma of breast . 
Hydronephrosis 
Intermittent claudication 
Peptic ulcers . 

Prostatic hypertrophy (benign) 
Ulcerative colitis 
Rhinophyma . 


a 
CR ONSOHKORRRO 
MODWeE ORR OMe 


Some patients in the buccal cavity group also suffered from sepsis, or had 
given positive Wassermann reactions and yet gave negative readings. Also, 
some negative cases amongst this group and the skin group had had operations 
10 to 12 days previously, so that surgery per se did not appear to cause positive 
results. 

In Table III are shown results obtained by the serial examination of patients 
over a period of time. Except for four readings in the case of the patient Cap. 
(carcinoma of breast), no disagreement with the clinical observations was obtained. 
[f the patient’s condition had not changed, the polarographic readings were un- 
altered ; if the condition had worsened the readings increased ; if the condition 
had responded to treatment the readings decreased towards normal. In the case 
f Cap. great improvement was observed clinically while under androgen treat- 
ment (after radiotherapy followed by radical mastectomy), and the polarographic 
readings altered from positive to normal. However, the last five readings, taken 
ver a period of eight months, gave positive reactions, although it was only at 
he time of the last reading that a relapse was clinically observed. In this case, 
therefore, the relapse was forecast by the polarographic readings. The patient 
Lan. became apparently normal and later relapsed, as reflected in a return to a 
high polarographic reading. This method of serial examination shows most 
promise, but demands close co-operation between all concerned. 
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SERUM TESTS IN CANCER PROGNOSIS 


(b) Huggins reaction. 

The following tests have been carried out : 4 tests on the serum from 4 normal 
persons, 23 tests on 20 cancer patients, and 8 tests on 8 patients with non-malig- 
nant diseases. Some 75 per cent correlation with the clinical diagnosis was 
obtained from malignant cases, but again there was no specificity as regards 
malignancy and non-malignancy. The results obtained are given in Table IV, 


* TaBLE IV.—Ratio of Positive to Negative Results given by Pathological Sera 
Examined by the Huggins reaction. 


Malignant. 
Number of cases. 
Site of tumour. ~ A -_ 
Positive. Negative. 
0 


9 


Alimentary canal 

Breast 

Bronchus . . 
Buccal cavity with larynx 
Ethmoid 

Genital tract (2) 
Lymphatic 

Skin 


noe woe = = - DO 


Non-malignant. 
Number of cases. 


A 


Condition. 


"ae aa = 2s = 
Positive. Negative. 


Adenoma of thyroid ° ° 0 

Cystic breasts : ; , ° ] 
Hydronephrosis 

Peptic ulcers . 

Ulcerative colitis 


expressed in terms of the number of patients giving positive and negative readings. 
Correlating these results with those obtained polarographically there was dis- 
agreement in 20 per cent of the cases. For example, the ulcer case previously 
mentioned who had no clinical evidence of the condition and gave a negative 
polarographic test gave a positive Huggins reaction. In the other cases there 
were negatives where the polarograph gave positives. In 40 per cent of the cases 
no absolute value was obtained as the end-point was outside the recommended 
iodoacetate concentration range. 


(c) Tryptophane-perchloric acid reaction. 


The following tests have been carried out : 4 tests on the serum from 4 normal 
persons, 34 tests on 31 eancer patients, and 7 tests on 7 patients with non-malig- 
nant diseases. Correlation with the clinical diagnosis of malignancy was almost 
100 per cent, and of the non-malignant cases 70 per cent gave positive readings. 
Disagreement with the polarographic readings was 12 per cent, the TPA reaction 
giving positives when the polarograph gave negatives. Fig. 1 shows that there is 
some correlation between the intensity of colour produced and the polarographic 
readings. 
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It would seem highly probable that the reactive substance involved in this 
test is a result of a general tissue protein breakdown, so that the high correlation 
obtained may not be surprising. Keyser (1949, 1950) investigated patients 
suffering with burns by this test and obtained results consistent with this view. 


DISCUSSION. 

From the above results it is obvious that none of the methods used is specific 
for cancer. Youden (1950) has suggested the use of an index for the comparison 
of so-called diagnostic methods, which has a value of unity if there are no false 
positives or false negatives, and a value of zero when the test gives equal pro- 
portions of positives for the condition under investigation and the controls. The 
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. 1—The relations between the corrected colorimeter readings obtained from the tryptophane- 
perchloric acid test and the logarithms of the filtrate wave-height and of the blood index. 


@ = Malignant. 
@ = Non-malignant. 


application of this index to the results obtained comparing the malignant to the 
non-malignant patients serves to accentuate the unspecificity of the tests and 
their uselessness in diagnosis. The polarographic method gives a value for the 
index of 0-219, the Huggins reaction, 0-250, and the tryptophane-perchloric acid 
method, 0-253. The value for the Huggins reaction may be compared with that 
of 0-551 obtained by Homburger, Pfeiffer, Page, Rizzone and Benotti (1950), 
and with a value of 0-203 calculated from results given by Bodansky and McInnes 
(1950). However, the index gives no measure of the possible application of the 
tests in prognosis. 

The TPA reaction, although giving high correlation with the clinical diagnosis 
of cancer, gave readings which bore little relation to the severity of the disease. 
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Patients showing clinical improvement reflected in the polarographic readings 
showed no change according to the TPA test. These results, considered together 
with those of other workers, suggest that any observations on the serum poly- 
saccharide content without any previous fractionation of the serum will only 
show changes due to the response of the organism to unspecific abnormal con- 
ditions. In addition to the pathological conditions mentioned by Shetlar, Foster, 
Kelly, Shetlar, Bryan and Everett (1949), these authors also showed rises in the 
serum polysaccharide (determined by reaction with tryptophane (with no per- 
chloric acid) after surgery and after x-ray treatment. It may be concluded 
therefore that the TPA reaction on whole serum (and perhaps any method 
measuring whole serum polysaccharide) is unsuitable for use in prognosis. 

The Huggins reaction was found to give a lower correlation with the clinical 
diagnosis. The end-point as described by Huggins was not easily determinable, 
as it was not always obvious what constituted a ‘“ well-defined mass.” This 
difficulty was also noted by Bodansky and McInnes (1950). Also, the end-point 
often did not occur within the limits of the recommended iodoacetate concen- 
trations—a problem which presumably would have been overcome by using a 
larger range of concentrations, making the test much more tedious. The results 
obtained support the conclusions of Bodansky and McInnes (1950) and of Hom- 
burger, Pfeiffer, Page, Rizzone and Benotti (1950), which were reached after a 
much more intensive study of the reaction than has been attempted here, and it 
can be stated further that the test is too unreliable to be used in prognosis. 

The results given in Table III showed that the polarographic readings followed 
to a very large degree the clinical findings, and it can be stated that within certain 
limitations this method is useful as a prognostic agent. It can be seen from 
Table I that apart from the two groups of cancers, a high correlation was obtained 
and the proportion of false negatives was low. There was, in fact, only one case 
in the negatives shown in Table I(a), which remains unexplained, since the prostate 
case was being treated with stilboestrol, and of the breast patients, one was 
clinically normal and the other case gave a positive reading two weeks later. 
This last case supports the view that the serial examination of serum gives far 
greater information than a single test, a view also supported by Brdicka 
(1947) and Robinson (1948). Both positive and negative cases should be followed. 
A persistently positive test or a negative test becoming positive would indicate 
that the patient requires investigation, a positive test becoming negative indicates 
that the patient has improved, while a persistently negative test may be mis- 
leading ; this last fact is the main weakness of the method. Many more cases 
should be followed in order to consolidate these conclusions. The method of 
serial examination has been used to distinguish between peptic ulcers and car- 
cinomas of the stomach, since the former respond to treatment in a relatively 
short time with a resulting decrease in the polarographic readings, whereas the 
carcinoma cases respond slowly if at all (Robinson, 1948). 

In the application of the polarographic method to the prognosis of malignancy 
the limitations of the method should always be borne in mind. It is quite 
possible that no one test will be satisfactory for all types of cancer, so that a 
number of tests may have to be used in conjunction. It should also be remem- 
bered that serum is subject to very general changes, although the sulphosalicylic 
acid treatment does provide some fractionation. 

Some rigidity of procedure must be adhered to when carrying out the polaro- 
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graphic method. Not only should the hydrolysis with potassium hydroxide and 
the time of standing after precipitation with sulphosalicylic acid always be for a 
standard period of time, but the filtrate must be completely cleared with one 
filtration, since the wave height is increased in the presence of the precipitate 
and is decreased with successive filtrations. 


SUMMARY. 


1. Over 100 sera have been examined polarographically, 32 sera by the 
“* Huggins reaction” and 42 sera by the tryptophane-perchloric acid reaction. 
None of the methods gave specific results for malignancy. 

2. Excluding tumours of the buccal cavity and skin, which gave an equal 
chance of giving positive or negative readings, polarographic examination gave 
a 93 per cent correlation with the clinical diagnosis of malignancy. Of non- 
malignant cases 65 per cent gave positive values. 

3. Serial polarographic examinations have been carried out on 19 patients, 
and good agreement with the clinical diagnosis obtained, except in one case 
where positive polarographic reactions preceded the clinically observed relapse. 
It is suggested that the method of serial examinations gives greatest promise in 
application to prognosis. 

4, Examination by the Huggins reaction gave a 75 per cent correlation with 
the clinical diagnosis for malignancy. The test had no advantage over the 
polarographic method, and, in fact, was less reliable. 

5. A high correlation with the clinical diagnosis of malignancy was obtained 
with the tryptophane-perchloric acid test, although it is considered too unspecific 
to be of use in prognosis. 
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Srupres of the electrophoretic behaviour of sera from patients bearing malig- 
nant and non-malignant tumours have been carried out by various workers with 
the view to their utilization as diagnostic or prognostic tests for cancer. Polaro- 
graphy has also been investigated as a possible clinical tool for diagnosis or 
prognosis following Brdicka’s (1933) discovery that proteins give a characteristic 
“catalytic double wave” in ammoniacal cobalt salt solutions. Applications 
of this method to the study of sera have shown differences between specimens 
obtained from normal and pathological cases, and the results of an examination 
of over 100 sera from cancer subjects has been published by one of us (Butler, 
1951). Although good correlation between the wave height and the pathological 
condition was obtained, a number of false positive and false negative results were 
included, the latter particularly in cases of cancer of the buccal cavity and skin. 

The electrophoretic behaviour of sera has been discussed by a number of 
workers (Seibert, Seibert, Atro and Campbell, 1947; Petermann and Hogness, 
1948a, 19485), and the most consistent changes found in pathological conditions 
were increases in the «,- and «,-globulin levels. However, no specific changes 
have been found for any particular clinical conditions (Mides, Alling and Morton, 
1950). 

The work of Winzler and his colleagues (Winzler, Devor and Mehl, 1947 ; 
Winzler, Devor, Mehl and Smyth, 1948; Winzler and Smyth, 1948; Mehl, 
Humphrey and Winzler, 1949 ; Mehl, Golden and Winzler, 1949 ; Weimer, Mehl 
and Winzler, 1950), has shown that a mucoprotein, isolated from normal plasma, 
appears to be responsible for the polarographic filtrate wave. This mucoprotein 
migrates in the «,-globulin fraction, when examined electrophoretically ar 
pH 8-4 in barbiturate buffer. It has an isoelectric point at pH 1°8 and still has 
a negative charge at pH 4°5. The acidic protein fraction demonstrated in cases 
of gastric cancers by Petermann and Hogness (1948) has been shown to be a 
similar mucoprotein. Mayer (1942) had previously isolated a ‘‘ mucoid-like 
substance ” from horse serum which he claimed was the polarographically active 

ubstance. Seibert et al. (1947) showed that increases in «,-globulin were paral- 
leled by increases in the polysaccharide content of the serum. These results 
suggest that the polarographic and electrophoretic patterns of cancer sera may 
be due to mucoproteins which migrate in the «-globulin group. The variations 





E. BOYLAND, L. 0. BUTLER AND B. E. CONWAY 


Fic. 1.—Typical electrophoretic diagrams for human sera at pH 8°6 in diethylbarbiturate 
buffer. 
Ascending limb, normal serum. 


5. 
2. Descending limb, same normal serum, 
3. Ascending limb, carcinoma of the breast. 


Fic. 2.—Electrophoretic diagrams for human sera at pH 4:0 in acetate buffer. 


1. Descending limb, normal serum. 
2. Descending limb, carcinoma of the breast. 
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may be due to an increase in a substance present normally or to the presence of 
newly formed material ; Winzler and his colleagues favour the former possibility. 


METHODS. 


All cases reported in this communication have been from patients and staff 
of the Royal Cancer Hospital. The serum was separated from the clot as early 
as possible and stored in the refrigerator. The polarographic curves were generally 
recorded on the following day, but the electrophoretic patterns were obtained 
after a few days’ storage. Examinations were made of 32 pathological sera and 
15 sera from normal, apparently healthy, adults. 


Electrophoretic. 


The instrument used was a Perkin-Elmer Tiselius apparatus (Moore and 
White, 1948) utilizing the Longworth scanning procedure. Runs were carried 
out in 0°1 yu. diethyl-barbiturate (barbiturate) buffer at pH 8°5, and in 0°1 u. 
acetate buffer at pH 4-0 and the schleiren photographs (Fig. 1 and 2) taken after 
2 hours’ migration. The sera were diluted either with two volumes of barbiturate 
buffer or with one volume of acetate buffer. 


Polarographic. 

The instrument used was the Tinsley pen-recording polarograph and the 
technique has been described in detail elsewhere (Butler, 1951). The results 
were expressed either as the height of the filtrate wave, or as the Protein Index 
of Muller and Davis (1947) or as the Blood Index (Butler, 1951). 

The results of the electrophoretic measurements were expressed in terms of 
the areas (measured by means of a planimeter) under each of the peaks of the 
descending differential patterns (Longsworth and MacInnes, 1940; Svensson, 
1943). The relative composition was expressed by computing the percentage 
contribution of the area under any one peak with respect to the area under the 
whole pattern, excluding the boundary anomaly. In those cases where the 8 anomaly 
was unusually large and area measurement consequently uncertain, the ascending 
pattern was measured. Comparison between both the absolute areas under the 
peaks and the relative percentage areas and the polarographic indices were made. 
The absolute areas under peaks for sera at the same dilution provide a more valid 
basis for comparison than the relative percentage areas, since the latter neces- 
sarily involve variations in other components besides that about which infor- 
mation is sought. 


RESULTS AND DISCUSSION. 


Although a group of results as a whole showed systematic variations paralleling 
the clinical conditions of the patients, a number of false positives and negatives 
occurred. A statistical evaluation of the results was therefore necessary in order 
to draw any valid conclusions. For this an estimation of the change in per cent 
and absolute composition from the normal to the pathological condition was 
made. The groups were treated as two populations and the standard “t ” test 
for significance of differences for each of the components, the total protein, the 
total globulin, the protein index, the blood index, and the filtrate reading was 
applied (i.e., for any differences found to be significant there would be at least 
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Fie. 4.—Correlations between a,-globulin content and Log F. and Log B.I. 
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Fic. 6.—Correlations between y-globulin content and Log F. and Log B.I. 
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a 20:1 chance of the significance being real and not being the result of random 
variation). The significance of differences between the normal and pathological 
groups are summarized in Table I. 

Although statistically over the whole group the «,- and «,-globulin levels 
were raised, a rise in one or both of these components did not indicate a particular 
clinical condition, as can be seen from Table II. This is in agreement with the 
results of other workers (Hoch-Ligetti and Hoch, 1948 ; Mides, Alling and Morton, 
1950). Abrams, Cohen and Meyer (1949) demonstrated the presence of a cryo- 
globulin which migrated with the $,-globulin fraction in the serum of a lympho- 
sarcoma patient at pH 8°6. No such increase in this fraction was observed in the 
two lymphosarcoma cases investigated here, nor in any of the three cases investi- 
gated by Petermann, Karnofsky and Hogness (1948). 

Calculation of correlation coefficients between the component peak areas 
and the polarographic filtrate wave heights (F) and blood indices (BI) indicate 
significant relationships between the «,-globulin area and the filtrate wave heights 
and blood indices factors in the pathological group. It is of interest and impor- 
tance that no correlation between the «,-globulin content and the polarographic 
factors was found in the normal group, and similarly none of significance if the 
normal and pathological groups are considered as one population. This is 
demonstrated in the correlation diagram shown in Fig. 3. Correlations between 
the «,-globulin content and the polarographic indices were not found when 
percentage composition was considered, indicating that complications by other 
variable factors may occur. Calculations of the correlation coefficients and 
inspection of the correlation diagrams shown in Fig. 4 to 6 indicate the absence 
of relationships between filtrate wave heights or blood indices and «,-, 8-, and 
y-globulin areas. 

The general result of the correlation calculations indicates that the increase 
of blood indices or filtrate wave height values in the pathological group is asso- 
ciated with a component migrating in the «,-globulin fraction of the serum, 
whilst variation in blood indices and filtrate wave heights in the normal group is 
not related to any variation of the «,-globulin level. This fact, illustrated in the 
correlation diagram (Fig. 3), appears to indicate that a new component is present 
in the pathological sera. At the present stage there is only an indication that 
this is so, and analytical investigations on the material isolated from pathological 
and normal sources must be carried out to establish whether it is newly formed 
or is an increase in quantity of a normal component. Either possibility is in 
accordance with the suggestion made earlier that the anomalous polarographic 
and electrophoretic patterns may be due to the mucoproteins demonstrated by 
Winzler and his colleagues. Only a few electrophoretic measurements have been 
carried out at pH 4°0 in acetate buffer, but the results obtained indicated that 
increases in the acid mucoprotein migrating anodically at this pH were related 
to increases in the «,-globulin content, as has been previously observed by Mehl, 
Golden and Winzler (1949). Further mobility measurements and preparative 
experiments are in progress in order to study the polarographic and electrophoretic 
behaviour of the «,-globulin group. 


SUMMARY. 


1. The sera from 32 pathological and 15 normal cases have been studied 
electrophoretically at pH 8°5, and a smaller number at pH 4:0. 
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2. Statistically significant increases of «,- and «,-globulins were found in 
pathological sera. No statistically significant changes were found in the 8- and 
y-globulin levels. The albumin content and the A/G ratio were lowered. 

3. Correlations between the serum composition and polarographic factors 
are discussed, and their relation to the suggested anomalous mucoprotein content 
in the «,-globulin fraction is indicated. 


We wish to thank Dr. D. A. G. Galton for his assistance in procuring samples 
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Empire Cancer Campaign, the Jane Coffin Childs Memorial Fund for Medical 
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THE effects of high-frequency electric fields on living tissues, micro-organisms 
and viruses have been extensively investigated in the last fifty years. - 

Short-wave fields were first applied to animal tumours by Schereschewsky 
(1928) using a transplantable mouse sarcoma, and by Schereschewsky and 
Andervont (1928) working with the Rous fowl sarcoma ; these workers claimed 
to have produced complete regression of a number of the tumours following 
subjection to electric fields in vivo. Their results, together with those of subse- 
quent workers who have reported investigations into the effects of short waves 
on animal tumour tissue in vivo and in vitro, were reviewed by Dickens, Evans 
and Weil-Malherbe (1936). From a consideration of previous studies and as a 
result of their own extensive investigations performed with tumour tissue to which 
short-wave fields were applied both in vitro and in vivo, Dickens, Evans and 
Weil-Malherbe (1936, 1937) concluded that, when heat effects were eliminated, 
ultra-short waves had no action on tumours or isolated tissues ; all the findings 
reported were, in their view, due to the action of heat. 

The many studies concerned with the effects of high-frequency electric fields 
on bacteria, bacterial toxins, viruses and unicellular protozoa which followed 
the original experiments of D’Arsonval and Charrin (1896a, 18966) have been 
reviewed by Burton (1949). In commenting on the extreme variation of the 
results reported, Burton (1949) emphasized that it still remained to be determined 
whether or not any action of the short waves existed apart from heating effects in 
the suspending medium. 

A recent claim was made by Nyrop (1946) to have discovered a so-called 
specific effect distinct from heat effects, when pulsed fields at a frequency of 
20 me/s were applied to Bacterium coli cultures in a fluid medium, the virus of 
foot and mouth disease, and unspecified tissue cultures. This claim was been 
criticized on the grounds that energy absorption by ionic and dipolar processes in 
the medium immediately surrounding the bacterium or virus might have resulted 
in a local temperature rise sufficiently high to destroy it, even though the general 
temperature of the test specimen were kept below the lethal level (Jackson, 
1946). The destruction, therefore, would not be due to any specific effect. 

Confirmation of the presence of non-uniform heating in a suspension subjected 
to short-wave fields when held in a test cell of the type used by Nyrop (1946) 
has very recently been obtained ; Burton (1950), working with a temperature- 
sensitive compound in suspension in the cell to which the field was applied, was 
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able to demonstrate local temperature rises of 10° C. or more above the general 
level obtaining in the specimen. This finding casts yet further doubt on claims 
made for a specific effect of high-frequency electric fields. 

Hitherto, the frequencies which have been used in investigations into the 
actions of high-frequency electric fields on organisms and tissues have not exceeded 
400 mce/s, and the field strengths employed have been of the order of 100 volts 
per cm. No work has been reported using electro-magnetic waves in the micro- 
wave frequency region of 1000 mc/s and upwards. 

In the course of investigations into the effects of such microwaves on living 
tissues (Boyle, Cook and Buchanan, 1950; Cook, 1951) it was considered that it 
might be worth while to attempt to determine whether a high intensity micro- 
wave field showed any specific effect when applied to a tumour virus under 
conditions designed to eliminate the lethal thermal effects of energy absorption 
in the medium surrounding the virus. 

The Rous No. 1 fowl sarcoma virus has been used in this study, and has been 
exposed in a wave-guide to high intensity pulsed radiation of a frequency of 
3000 me/s. 


MATERIALS AND METHODS, 


Tumour virus.—The Rous No. 1 fowl sarcoma virus was obtained from 
tumours derived from that first introduced into the Bland-Sutton Institute in 
1925, and maintained by passage since then. 

Animals.—Pedigreed Brown Leghorn fowls from the Institute of Animal 
Genetics, Edinburgh, have been used in the experiments. They were between 
8 and 14 weeks old when inoculated and belonged to two of the Institute’s lines, 
which have been described by Greenwood, Blyth and Carr (1948), or crosses 
derived from them (Intensity, Breeding, Breeding hen x Intensity cock, Inten- 
sity hen x Breeding cock). Both the age at which the birds were inoculated and 
their distribution within the various line groups were determined by the exigencies 
of the supply. 


Preparation of material for irradiation. 

For each experiment a bird with a large actively growing sarcoma of anything 
from 8 to 35 days’ growth from the date of inoculation was selected as a source 
of tumour material. The bird was killed by wringing of the neck, and its tumour 
was removed, cut with scissors, and placed in a high-speed mechanical blender 
and disintegrator (“Ato-Mix”’ of Measuring & Scientific Equipment, Ltd., 
London). The speed and the duration of the run of this machine was varied 
with each individual tumour, but was so arranged as to give homogenization of 
the tissue; this was usually achieved in less than 1 minute. The resulting 
disintegrated material was placed in tubes and centrifuged very lightly (in a 
horizontal centrifuge accelerated to 2000 r.p.m. and at once decelerated), so as to 
bring all the contained air to the surface as a sharply demarcated layer of foam, 
which was then removed. The material obtained in this way, referred to in this 
paper as “ disintegrated tumour,” was either mounted at once for irradiation, 
as described below, or was used in the preparation of other material for irradiation 
as follows : 

Where a preparation of disintegrated tumour largely free of cells was to be 
irradiated, it was made by placing 4 c.c. of disintegrated tumour with 2 c.c. of 
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ground up, medium grade, washed iron filings in each of four glass vessels 2 x 
6-25 cm. (new type, for use with tissue grinder of H. Mickle, Streatham). The 
vessels and their contents were then shaken in pairs at top frequency for 10 minutes 
in a tissue grinder (of H. Mickle, Streatham). The filings and tissue debris were 
separated off after the period of shaking by centrifuging in a horizontal centrifuge 
for 5 minutes at 2000 r.p.m. The supernatant fluid so obtained was drawn off 
and centrifuged again for 15 minutes at 6000 r.p.m. in order to throw down at 
least the greater part of any remaining cells. The supernatant fluid resulting 
from this final centrifugation, designated “‘ virus suspension”, was drawn off 
ready for irradiation. 
C0, ice 


Specimen : 
Water flow Standiné wave 


calorimeter , indicator , 


<= from magnetron 


(a) Jacket for freezing mixture 











Specimen at 
centre of waveguide 
(maximum field strength) 


} Specimen at side of waveguide 


(6) & oT (field of low intensity) 









































Fic. 1.—(a) Longitudinal section of wave-guide apparatus. (b) Transverse section of wave-guide 
showing electric field pattern. 


Method of mounting for irradiation without cooling (Experiments 1).—Two 
0-1 c.c. amounts of disintegrated tumour were placed on a sheet of mica and 
made into dises of about 1 cm. diameter and 1 mm. thickness by pressing a second 
sheet of mica on to the first. For irradiation, the mica sheets were supported in 
a distrene frame which fitted into the wave guide in such a way as to support one 
of the discs in the region of maximum field strength and the other in a region 
where the field was less intense (Fig. 10). 

Method of mounting for irradiation with cooling (Experiments 2, 3, 4, 5).—Both 
disintegrated tumour and virus suspension were mounted in the same way. 
A volume of 0-1 ¢.c. of the material was placed on one of the flat surfaces of an 
oblong block of carbon dioxide ice; another exactly similar block was then 
pressed on top, flattening the material so that it was frozen as a disc of about 
1 cm. diameter and 1 mm. thickness, held between the two blocks of carbon 
dioxide ice. These blocks were of such a size that when placed in apposition 
they fitted the cross-section of the wave guide so that the disc was held in the 
region of maximum field strength (Fig. 1b); for mounting in the wave guide a 
distrene frame was used to hold the blocks together. 


Microwave apparatus. 
The microwave source was a magnetron oscillating at 3000 mc/s and developing 
radiation pulses of a duration of 0-6 x 10-® seconds at a pulse repetition rate 
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of 500 per sec. The interval between pulses was, therefore, more than 3000 times 
the pulse duration. The radiation was propagated in a rectangular wave guide 
(3 x 1 in.) carrying the Ho, mode and terminated in a non-reflecting water load 
(Fig. la). This consisted of a wedge-shaped water-flow calorimeter which enabled 
the average transmitted power to be measured. 


Estimation of field strength in the irradiated specimens. 


The peak field strength in the central region of the cross-section of the wave- 
guide when air-filled was calculated from the known electric field distribution 
across the cross-section, the characteristic impedance of the guide, the pulse 
duration and repetition rate and the average power transmitted. With the 
experimental conditions used this peak field was given by— 


E = 1016,/A voltsem—', . ; : ; . () 


where A = average power in watts. 

Where a section of the guide was filled with carbon dioxide ice the field at 
the central point of the section depended as well on the length of the section 
filled and on the dielectric constant of the carbon dioxide ice. This latter had 
been found (in a separate experiment) to be 1-6 at 3000 mc/s, and the length of 
the guide filled with the carbon dioxide ice was adjusted so as to be half the 
wave-length of the radiation in the ice. Under such conditions the block of 
carbon dioxide ice was non-reflecting and the field strength at the central point 
was given by— 

E=711/Avoltsem... , . , - (2) 


The field in a frozen specimen at the central point of the carbon dioxide ice 
block differed from that in the ice in the absence of the specimen, since the 
dielectric constant of the frozen material differed from that of the ice. Although 
the dielectric constant at 3000 mc/s of disintegrated tumour or virus suspension 
at room temperature is high (between 40 and 80), in the frozen state it drops to 
the region of 2, not far removed from the dielectric constant of the carbon dioxide 
ice. The field strength in the specimen was thus reduced by about 10 per cent 
only from the figure calculated from (2). 

For the specimens mounted between thin mica sheets in the air-filled wave 
guide, the calculation of the field strength in the specimen was found to be very 
complicated, and only an approximate estimate was attempted. In the air-filled 
guide the field was given by (1); with the guide filled with a non-absorbing 
material of dielectric constant k, and standing waves absent, the peak field in 
the central region of the cross section of the guide (Fig. 1b) would be given by— 


0-57A 
E= ore 2574 volts em.~, 


Taking k for a specimen at room temperature as 50, the field would then be reduced 
to 1/9th of its value in the air-filled guide. The reduction was even more in the 
present case of a thin disc of absorbing material, 1 cm. in diameter, placed in the 
central region of the guide cross-section and surrounded by air (the effect of the 
thin mica sheets being neglected). Thus it was estimated that the field in such 
a specimen was of the order of 1/20th of the value given by (1). 
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Where the specimen was mounted towards the side of the wave guide (Fig. 16), 
it was subjected to a field of lower intensity than at the centre of the guide. 

The above considerations were used in arriving at the field strength figures 
shown in Table I and II; those shown in Table I must be considered as being 
very approximate. 


TaBLE I.—Effect of Microwaves (f = 3000 mc/s) on Rous Sarcoma Material 
Irradiated without Cooling. 
Preparation of Number of tumours 
State of disintegrated arising from four 
Expt. disintegrated tumour inoculations of 
No. tumour. Field strength. inoculated. each preparation. 








5% suspension 
of 0 


1 . Untreated , eal | 4 


Irradiated ° 500 volts/em. 

(guide centre) disintegrated 
tumour in 

Irradiated . 100 volts/em. saline 


(guide edge) 








TaBLE II.—Effect of Microwaves (f = 3000 mc/s) on Rous Sarcoma Material 
Irradiated at Low Temperature (irradiations carried out with field strength 
of 5500-6500 volts/cm.). 


Dilutions of 
preparation and 
Preparation of number of tumours 
material arising from four 
inoculated. inoculations of each. 


10-° 10-4 10°? 10°% 
2 . Frozen 5% suspension 2 
>» + irradiated as of 1 
Disintegrated disintegrated 
Frozen tumour 
- + irradiated in saline 


Nature of 
Expt. State of material. material. 
No. 














Frozen _— 
» + irradiated — 
suspension 


diluted { 








Frozen 
» + irradiated 


i in 20 
Experimental procedure. 

The specimens, mounted as has been described, were inserted for irradiation 
into that section of the wave guide immediately preceding the water calorimeter 
(Fig. la). This section was fitted with a jacket which was filled with a freezing 
mixture consisting of carbon dioxide ice in alcohol, where irradiation was carried 
out with cooling (Experiment 2, 3, 4, 5). 

All the irradiations were carried out with average transmitted powers in the 
neighbourhood of 90 watts, corresponding to peak powers during pulses in the 
region of 300 kW. The overall exposure time in each experiment was thirty 
minutes, corresponding to 9 x 10° pulses of 0-6 x 10® seconds’ duration each. 
The total time for which the field was operative was therefore 0-54 seconds in 
each thirty-minute exposure. The average power delivered to the water load 
was measured at intervals during the exposure. 

At the same time as each disc of material was made for irradiation an exactly 
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similar disc was made, and kept during the period of irradiation, under similar 
conditions but without irradiation : for Experiment 1 at room temperature, for 
Experiment 2, 3, 4, 5 between blocks of carbon dioxide ice in a heat-insulated 
storage box. 

After the period of irradiation both the treated and the untreated discs were 
placed in separate 2 c.c. amounts of physiological saline ; in Experiment | these 
5 per cent vol./vol. suspensions were inoculated undiluted into fowl, whilst in 
Experiment 2, 3, 4, 5, part was inoculated undiluted and the rest used to make 
serial tenfold dilutions in saline, samples of each dilution of each preparation 
being inoculated. 

Inoculations.—Inoculations were made into the breast and thigh muscles of 
fowl; each inoculum was 0-25 c.c. in volume. 

When inoculating preparations whose tumour-producing potencies were to be 
compared with one another, the injections of material from each preparation 
were made into separate groups of birds. The scheme for the distribution of the 
injections of the various dilutions of each preparation amongst the birds in a 
group was the same in every case. Any possible masking of tumours which would 
have arisen late from inocula of high dilution, owing to the early death of birds 
from tumours developing rapidly from inocula of low dilution, was therefore 
spread equally in each group of birds. 

All the experimental procedures were timed ; none was of more than 2} hours. 
duration up to the moment of completing the inoculations. 

Examination of fowl.—All the fowl were examined every 7 days and the caliper 
measurements of such tumours as developed were recorded. Every experimental 
fowl which died or was killed at the conclusion of an experiment was submitted 
to post-mortem examination ; histological investigations were carried out upon 
all material the nature of which could not be diagnosed macroscopically. 

Method of assessing the results of inoculation.—Inoculations were taken as 
having given rise to tumours in all cases where tumours could be palpated at the 
site of inoculation or tumour material was found there at post-mortem examination. 
Where a tumour regressed subsequent to its palpation, the inoculation was taken 
as having caused a tumour. 

Duration of experiments.——The experiments were continued until all the 
tumour-bearing birds had died, or for a minimum period of 7 weeks, after which 
time the surviving birds were killed. 


RESULTS. 


Table I shows that where disintegrated tumour was irradiated without any 
cooling, its tumour-producing activity was totally abolished, irrespective of 
whether the material had been at the region of maximum field strength or in a 
region where the field was less intense. Similar untreated material was active. 

Table II shows that where either disintegrated tumour or virus suspension 
vas irradiated and at the same time cooled, its tumour-producing activity 
remained the same as that of similar cooled but untreated material. 


DISCUSSION AND CONCLUSIONS. 


The experiments which have been described were designed to compare the 
effects of microwaves on the virus of the Rous No. 1 fowl sarcoma, both under 
conditions in which energy absorption resulting in heat formation in the medium 


17 
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surrounding the virus could take place (Experiment 1, irradiation without cooling), 
and under conditions where precautions had been taken to prevent such energy 
absorption (Experiments 2, 3, 4, 5, irradiation with cooling). It is considered 
that the method of cooling employed was such as to keep the temperature of 
the material exposed to irradiation below — 70° C. 

Exposure to a temperature of below — 70° C. has recently been shown to kill 
the cells of the Rous sarcoma, the virus which they contain being able to survive 
such treatment and retain a considerable part of its tumour-producing activity 
(Epstein, 1951); although the method of freezing used to demonstrate this 
differed from that employed in the present work, it is considered that the method 
used here also killed all, or at the very least the vast majority of the cells. It 
follows, therefore, that where either disintegrated tumour (which contained cells) 
or virus suspension was subjected to the cooling used in these experiments, the 
tumour-producing activity revealed by the inoculation of preparations of such 
material was very largely if not wholly due to virus. 

The processes whereby microwaves can be absorbed in living tissue are— 

(a) by ionic conduction, 


(6) by dipolar orientation, 
(c) by resonance absorption. 


The energy absorption by these processes results in a rise in temperature 
of the absorbing regions. In the case of a number of absorbing biological particles 
dispersed in a non-absorbing medium the effect would at first be localized to the 
immediate neighbourhood of the particles, and, if sufficiently intense, could 


result in destroying the biological activity of the particles before thermal conduc- 
tion resulted in a noticeable general rise in temperature throughout the medium. 

In attempts to detect specific microwave absorption by virus particles in 
living material in the region of normal tissue temperatures, it is unfortunate that 
water molecules (which form such a large proportion of the constituents of tissues) 
strongly absorb energy from the field by the dipolar orientation process 
at microwave frequencies. This absorption, together with absorption (and 
consequent heat production) due to ionic conduction in tissues, is so large com- 
pared with any possible direct absorption by the viruses as to make the detection 
of virus absorption in the presence of the strong absorption in the surrounding 
medium virtually impossible. 

However, absorption by ionic conduction and dipolar orientation is markedly 
temperature dependent in such a way that for most practical purposes their 
effects can be considered as non-existent in tissues at temperatures well below 
0° C. On the other hand, absorption at a resonant frequency increases as the 
temperature falls. Such absorption does not occur in water at microwave 
frequencies, but may possibly take place in large molecules or parts of them. 
Thus, in the irradiation of frozen material, absorption by ionic conduction and 
dipolar orientation was avoided. Any inactivation effects of such irradiation 
could then only be due to specific absorption by the virus by the resonance 
process. One drawback to this scheme is that any possible absorption by the 
virus particles by dipolar orientation is likely to be eliminated at low temperatures 
even though it may exist at normal ones. Thus, a negative result for such an 
experiment on frozen material would only indicate the absence of a sufficiently 
strong resonance absorption at the particular frequency used. It would not 
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prove that specific absorption by dipolar orientation could not occur at normal 
temperatures, or that resonance absorption could not exist at other frequencies. 

The results obtained on frozen specimens (Table II) indicate that no specific 
action on the Rous sarcoma virus attributable to the microwaves was demon- 
strable. More precisely, no absorption by a resonance process, sufficiently strong 
to inactivate the virus, was present at — 70°C. at the frequency of 3000 me/s. 
The results in Table I can be attributed to energy absorption by ionic and dipolar 
processes in the medium surrounding the virus causing a general temperature 
rise well above the lethal level. 

Thus the results of the present experiments show that any effects of the 
microwave field upon the Rous No. 1 fowl sarcoma virus are probably entirely 
due to heating in the medium surrounding the virus, and not to any specific 
action of the field on the virus. 


SUMMARY. 


1. A method for investigating the effects of high intensity pulsed radiation 
of a frequency of 3000 me/s on the virus of the Rous fowl sarcoma has been 
described. 

2. By the use of a technique in which the virus preparations were held at a 
temperature of below — 70° C. during the period of irradiation, energy absorption 
(i.e. heat production) in the medium surrounding the virus was prevented. 

3. Where such heat production was eliminated, microwaves of a frequency of 
3000 mc/s were found to have no demonstrable effect on the virus of the Rous 
fowl sarcoma as judged by changes in its tumour-producing activity. Where 
heat production was allowed to take place the tumour-producing activity. was 
abolished. 


The expenses of this investigation were borne by the British Empire Cancer 
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THERE is still some disagreement on the question whether the early changes 
produced in epidermis by chemical carcinogens are specific, i.e., whether they can 
be distinguished from the effects of non-carcinogenic irritants. The chemical 
evidence is inconclusive. Cowdry and his school have been able to show that the 
chemical constituents of mouse epidermis made hyperplastic by several applica- 
tions of 20 methylcholanthrene differ quantitatively from those of normal epi- 
dermis (Carruthers, 1950), but it does not appear to have been proved that these 
changes are produced only by carcinogenic substances. Histological evidence is 
more definite. The literature on the histogenesis of chemically-induced tumours 
of mouse skin was summarized by Gliicksmann (1945). The present authors take 
the view, based on the qualitative histological observations of Pullinger (1940, 
1941) and the quantitative differential cell counts of Gliicksmann (1945), that the 
reaction of mouse epidermis to chemical carcinogens is recognizably different 
from its reaction to non-carcinogenic irritants, a view which has been strengthened 
by their own observations. Changes in the dermis following application of 
chemical carcinogens to the skin of mice have been described by Orr (1938), 
which are characteristic, though probably not so sharply specific, as those visible 
in the epidermis. Only the epidermal changes concern us in the present investi- 
gation. 

Berenblum and Shubik (1947a, 19476, 1949a, 1949b) have shown that when 
mouse skin is given a primary treatment with a carcinogen, insufficient by itself 
to produce tumours, and then, after an interval which may be as long as 43 weeks, 
is treated repeatedly with the non-carcinogenic irritant croton oil, tumours 
appear, and their number increases up to a maximum. This maximum depends 
on the concentration of the carcinogen used in the initial treatment, and on its 
potency when several carcinogens are compared, but, Berenblum and Shubik 
(1947b, 19496) claim, is largely independent of the interval between the primary 
and the beginning of the secondary treatments. These experiments give a 
convincing demonstration of what has seemed probable from many observations 
of carcinogenesis in man and animals, namely, that the reaction of the skin to 
a carcinogenic stimulus is not uniform. Though the whole treated area reacts 
specifically, there must be, within that area, cells, or groups of cells, which suffer 
a change different in kind or in extent from that suffered by their neighbours. 
Berenblum and Shubik (1947b) have called these “latent tumour cells.” They 
regard the reaction of skin to carcinogenic stimuli, apart from the formation of 
these cells, as an incidental accompaniment of tumour production. 
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If mouse skin is examined microscopically at intervals after a single applica- 
tion of a chemical carcinogen, the characteristic initial epidermal hyperplasia 
gradually disappears. The skin returns in about 3 months to a condition in 
which no abnormality can be detected microscopically, except a few slight 
thickenings and irregularities of the surface epithelium, slight thickening of the 
keratin layer, and dilatation of the mouths of some of the hair follicles (Fig. 4). 
The process may be practically complete in 6 weeks. The only significant way 
in which such skin has hitherto been found to differ from untreated skin is in its 
ability to produce tumours when treated with a co-carcinogen such as croton 
oil. The “latent tumour cells,” if present, must be so few that they are very 
unlikely to be detected in sections, or perhaps they may not be recognizable if 
seen. The skin has passed through a state known to be produced only by car- 
cinogenic agents ; this state has apparently passed away, yet the skin will then 
react to treatment with a non-carcinogenic substance in a manner quite different 
from normal skin. 

The early reaction of normal mouse skin to croton oil is similar in general 
type to its reaction to other non-carcinogenic irritants, and differs in important 
respects from the reaction to carcinogenic substances. The chief criteria on 
which this distinction is based have been fully described by Pullinger (1940) and 
by Gliicksmann (1945), and only a summary will be given here. Both carcino- 
genic and non-carcinogenic irritants, applied to mouse skin in suitable (i.e., non- 
necrotic and non-vesicating) concentrations, rapidly produce marked epithelial 
hyperplasia. Between the 2nd and 5th day the hyperplasia in the carcinogen- 
treated skin is very disorderly ; the average size of the epidermal cells is increased, 
with great individual variations, hair follicles are shortened and their mouths 
closed by keratin plugs, and sebaceous glands are undergoing squamous meta- 
plasia and fusion with the follicles (Fig. 2). At this period skin treated with 
croton oil also shows marked epithelial hyperplasia, but the cells are more regular 
in size and arrangement ; there is epilation, but less damage to hair follicles or 
sebaceous glands (Fig. 5). Later, the two types of hyperplasia are more difficult 
to distinguish on these grounds (Fig. 3, 7). However, when the epidermal cells 
are classified by Gliicksmann’s method (1945), which is described below, definite 
differences are readily observable throughout the period of treatment. This 
method consists of the classification of all nucleated cells of the epidermis, ex- 
cluding hair follicles, under 4 headings. These may be defined as follows (Gliicks- 
mann, 1945, with slight modifications) : 

(a) Resting cells, i.e., basal cells proper, that are capable of division and have 
not yet embarked on keratinization. They are recognized by their large deeply- 
staining nuclei, sparse foamy basophilic cytoplasm, and ill-defined cell-boundaries 
(Fig. 10). 

(b) Differentiating cells, i.e., cells of the stratum spinosum and granulosum. 
These have more distinct cell walls, greater amounts of more condensed and 
eosinophilic cytoplasm, and more lightly staining nuclei, than the resting cells; 
in the stratum granulosum they have keratohyalin granules (Fig. 9). 

(c) Mitotic cells of all stages from prophase to telophase. 

(d) Degenerating cells, i.e., cells in the process of nuclear py knosis, karyorrhexis, 
or karyolysis. 

Mention of the epidermal strata in the above descriptions refers to hyper- 
plastic mouse skin, or to the normal skin of the foot, the tail, and the ear, where 
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the epidermis is stratified. In the normal skin of the body of the mouse there 
are no strata, and the various types of cell are arranged apparently at random 
in a layer one cell, or in places two cells, thick. 

Of the nucleated cells in the epidermis of the back of a normal adult mouse, 
about 14 per cent are resting, 80 per cent differentiating, and the rest are mitotic 
or degenerating. 

This classification was used because it gives definite information about the 
state of the epidermis which is not obtainable by any other method known to 
us. This information is not dependent on any hypothesis about the function or 
potentialities of the different classes of cells. For the purpose of this work they 
are simply types of cells which can be distinguished, the absolute and relative 
numbers of which vary in different states of the skin. 

One of the most striking features of the hyperplasia produced by chemical 
carcinogens in mouse epidermis is the rise in absolute and relative numbers of 
the resting cells. Non-carcinogenic irritants, on the other hand, produce a hyper- 
plasia in which the absolute number of all epidermal cells is increased but their 
relative numbers remain approximately the same as in normal skin (Gliicksmann, 
1945). The percentage of resting cells in the epidermis was chosen as a criterion 
for comparison of the hyperplasia produced by the different treatments used in 
the following experiments. It provides a measure, which can be handled statis- 
tically, of the specificity of the reaction of the epidermis, i.e., of its resemblance 
to the characteristic reaction to carcinogenic substances. 

In the work now reported the effect of croton oil on normal mouse skin has 
been compared histologically with its effect on skin after the reaction to previous 
treatment with a chemical carcinogen has apparently disappeared. Three strains 
of mice and two different carcinogens were used. The skin was examined histo- 
logically at intervals during treatment, and the differences found were given 
numerical expression in terms of the differential cell count. 


MATERIALS AND METHODS, 


Mice.—Stock albino mice from three sources were used. “T” and “S” 
mice were purchased from dealers. “‘ P” mice were of an institute-bred strain 
originally obtained from the National Institute for Medical Research ; they had 
been used before for studies on skin carcinogenesis by Gliicksmann (1945) and 
Salaman (1943). The reaction of all 3 strains to the carcinogens used, and to the 
croton oil, was satisfactory, though it varied in degree. They were fed on rat 
cubes made according to a formula recommended by the Rowett Institute, with 
a small addition of oats, and water ad libitum. 

Carcinogens.—1:2-Benzpyrene and 9:10-dimethyl-1:2-benzanthracene were 
obtained from Messrs. L. Light & Co. Croton oil was obtained from Messrs. 
Boots Pure Drug Co. 

Solvents.—Acetone was obtained from British Drug Houses (Analar grade), 
and liquid paraffin from British Drug Houses or Messrs. Allen & Hanbury. The 
grade of paraffin used had a specific gravity of 0-835-0-850. It was found to have 
practically no fluorescence when illuminated by U.V. light, and was thin enough 
to spread readily over the skin. Further notes on the choice of solvents and con- 
centration of solutions are given in the descriptions of individual experiments. 

Methods of application —The hair of the back was clipped before the first 
treatment. Except where otherwise stated, 0-3 ml. amounts of the solutions 
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were applied from volumetric or calibrated dropping pipettes to the whole of the 
back from the forelimbs to the root of the tail. The acetone solutions spread 
rapidly over this area ; the solutions in paraffin were gently spread over it with 
a glass spreader. 


Histological examination. 


At intervals during treatment small oval pieces of skin, about 1 cm. long and 
0-5 em. broad, were removed from the treated areas, under mixed ether and 
chloroform anaesthesia, fixed in Zenker’s fluid, dehydrated in alcohol, cleared 
in cedar-wood oil, embedded in paraffin wax, cut at 8u, and stained with Ehrlich’s 
haematoxylin followed by a mixture of eosin and Biebrich scarlet. For photo- 
graphic purposes Heidenhain’s iron haematoxylin without counterstain was used. 
General histological characters were noted, and differential counts of all nucleated 
epidermal cells, excluding hair follicles, were carried out by Gliicksmann’s method 
(1945) described above. In the first experiment all the cells in 1 mm. lengths of 
epidermis were counted in each of 3 alternate serial sections of each biopsy 
specimen, giving totals which varied from 300 to 600 cells. In the second experi- 
ment 200 cells in each of 4 alternate serial sections, making totals of 800, were 
counted. As this number was found to be greater than was necessary for statis- 
tical significance, in the third experiment 200 cells in each of 3 alternate serial 
sections, giving totals of 600, were counted. Averages and standard errors were 
calculated for each group of mice. 

The method of calculating standard errors was as follows : 


Ifn = number of mice in each group ; 
N = total number of cells counted in each biopsy specimen ; 
R= number of resting cells __,, 7. 
P = percentage of resting cells - 


> 9? 
9°? 9° 


The percentage of resting cells in each group at any one time is given by— 


xR 


sy ~* 


and 


Q =1-P 


For each group at each time the value of 


+(F) 


is calculated. 


If x2 is the sum of the values of this expression for all groups at all times, and 
D = X(n — 1) is the number of degrees of freedom for the whole experiment, 
then the standard error of P is given by— 


VEE) VEER 
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Some practice is needed before the differential cell count gives reproducible 
results. An observer must to some extent establish his own standard of judg- 
ment in distinguishing the different ty pes of cell, particularly resting and differen- 
tiating cells. When this has been done the counts are closely reproducible. It 
is advisable that all counts to be compared should be made by the same person. 
One of us (R. H. G.) has made all the counts in the present work. In order to 
detect the possible influence of unconscious bias all the slides in the third experi- 
ment (some 350) had their labels covered until the counts had been made. The 
standard errors of means were of the same order in this experiment as in the 
other two. 

The mice were examined weekly for the appearance of tumours, for periods 
of 200 to 250 days. No distinction was made, in recording the numbers of tumours, 
between papillomas and epitheliomas. Shubik (1950a, 1950b) has recently 
shown that tumours produced by one application of a carcinogen followed by 
repeated applications of croton oil are predominantly benign. Our observations 
confirm his, though we have obtained a rather higher proportion of malignant 
tumours by this method than he did. 


EXPERIMENTS. 


(1) In a preliminary experiment 3 groups, each of 5 young male adult mice 
of the ‘“ T”’ strain, were treated as follows : 

Group 1.—(a) For 6 successive days 10 drops of a 1 per cent solution of benz- 
pyrene in acetone applied daily to the whole skin of the back. 


(b) Interval of 36 days. 

(c) For 3 weeks 4 drops of a 2-5 per cent solution of croton oil in liquid paraffin 
applied twice a week to the same area, then, following an interval of 3 weeks 
(made necessary by severe crusting), once a week for a further 4 weeks. 

Group 2.—(a) Ten drops of a saturated solution of benzpyrene in liquid 
paraffin (approximately 0-8 per cent) applied as in Group | (a). 

(6) and (c) as in Group 1. 

Group 3.—Croton oil solution applied as in Group | (c), without previous 
treatment. 

Biopsies of treated skin were taken at intervals. The results of resting cell 
counts in the epidermis of Groups | and 3 have been briefly reported (Salaman 
and Gwynn, 1950). There was a definite difference between these groups which, 





EXPLANATION OF PLATES. 
Fic. 1-10: Biopsies of mouse skin, fixed Zenker’s fluid, stained Heidenhain’s haematoxylin. 


Fic. 1.—Normal mouse skin from scapular region. x 285. 

Fic. 2, 3.—Mouse skin 3 and 10 days respectively after the beginning of weekly applications 
of 1 per cent benzpyrene in acetone. x 285. 

Fic. 4.—Mouse skin 75 days after one application of 1 per cent benzpyrene in acetone. x 285. 

Fic. 5, 7.—Mouse skin 3 and 10 days respectively after the beginning of weekly applications 
of 2-5 per cent croton oil in paraffin oil. x 285. 

Fic. 6, 8.—Mouse skin 3 and 10 days respectively after the beginning of weekly applications 
of 2-5 per cent croton oil in paraffin oil, following 84 days after one application of 1 per cent 
benzpyrene in acetone. x 285. 

Fie. 9.—High-power view of a part of the epidermis shown in Fig. 8, where differentiating 
cells predominate. x 1700. 

Fic. 10.—Another part of the same specimen as that shown in Fig. 8, where resting cells 
predominate. x 1700. 
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in spite of the small numbers of animals, was statistically significant. In Group 
1 after the characteristic initial rise of resting cell percentage which follows benz- 


50- 


40- 


30-4 Group | 


Group 2 


20- ay. 
Normal ‘epidermis Group 3 


—<—S 





= 10- 
Prima ry Seconda ry treatments 
treatments 
yyy 

0 T T 

0 20 





Percentage of resting cells in epidermis 





T re? 
40 60 80 
Time in days 
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fie. 12.—Experiment 2: Each point represents average of 10 to 12 mice. Vertical strokes through 
points represent standard errors. 


pyrene treatment, there was a fall to a little above the normal level by the 22nd 
‘ay. Soon after the beginning of croton oil treatment the percentage rose to a 
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high level and remained well above normal. In Group 2 there was a parallel but 
smaller increase. In Group 3 application of croton oil without previous treat- 
ment was followed by an initial slight rise in resting cell percentage, which then 
fell to the normal level. These results are listed in Table I and charted in Fig. 11. 

The superiority of 1 per cent benzpyrene in acetone over a saturated solution 
in liquid paraffin for this purpose is evident. A corresponding superiority was 
shown, later, in rate of tumour production. The first tumour appeared on the 
63rd day in Group 1, but not till the 170th day in Group 2. Further trials have 
confirmed the superiority of acetone over paraffin as a solvent for the carcinogen 
used as the primary treatment. Comparisons of various concentrations of croton 
oil in acetone and paraffin have shown that a 0-5 per cent solution in the former 
is almost as powerful a co-carcinogen as a 2-5 per cent solution in the latter. The 
latter solution was retained, however, for later experiments, because it causes 
much less cellular infiltration, ulceration, and crusting, than the former. 


TaBLE I.—Experiment 1. 
Each group consists of 5 3 mice of “ T ” strain. 


Group. Primary treatment (6 successive Interval. Secondary treatment (repeated ap- 
daily applications). plications begun on 42nd day). 
10 drops 1 per cent benzpyrene in. 36 days . 4 drops 2-5 per cent croton oil in 
acetone paraffin oil. 
10 drops saturated solution benz- ~ - As Group l. 
pyrene in paraffin oil 


ae . . ” 


Average percentage or resting cells (with standard errors) in epidermis at times reckoned from start of 
primary treatment. 
Group. 7 days. 22 days. 36 days. 44 days. 51 days. 72 days. 136 days. 
1 - 27-941-3 . 20-541-0 . 20-441-0. =: 241-0 . 29-741-05 . 34-640-99 . 25-71-35 
2 . 24-341-1 . 18-641-0 . 18-341-1 . 22-440-94 . 26-040-86 . 25-341-0 . 20-041-25 
3 ° — ‘ = ‘ — , 20-20-87 . 17-840-78 . 17-840-76 . 12-60-89 


(2) In a second experiment, which has also been briefly reported (Salaman and 
Gwynn, 1950), four groups, each of 5 male and 5 female mice of the “ P ”’ strain, 
were treated as shown in Table I. Differential cell counts gave a result which 
confirmed that of the first experiment, and provided further information. Average 
resting cell percentages are listed in Table II and charted in Fig. 12. 


TaBLE II.—Experiment 2. 
Each group consists of 5 g and 5 2 mice of “ P ” strain. 
Group. Primary treatment Interval. Secondary treatment (weekly ap- 
(one application). plications begun on 84th day). 
1 . 0-3 ml. 1 percent benzpyrenein . — ° _ 
acetone 
As Group 1 . 84 days . 03 mil. 2°5 per cent croton oil in 
paraffin oil. 
— ‘ _ - As Group 2 
_— ‘ _ - 03 ml. 1 per cent benzpyrene in 
acetone, 


Average guemetige of resting cells (with standard errors) in epidermis, at times reckoned from 
start of primary treatment. 


Group. 73 days. 87 days. 94 days. 115 days. 
2 15°05+0-44 . 24-7740°52 . 26-471+0°53 . 27-81+40-54 
3 - 14-1540-40 . 20-9140-46 . 17-7940-43 . 15-54+0-41 
4 . _ - 20°4240°45 . 27-2140-49 . 35-57+0-55 
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Group | is not included in the figure. Its purpose was to confirm previous 
experience that a single application of 1 per cent benzpyrene in acetone seldom 
produces tumours. None appeared in this group. Three months after a single 
application of benzpyrene (Group 2) regeneration of hair was almost complete. 
The skin appeared histologically normal, except for very occasional local epi- 
thelial thickenings and a slight excess of keratin (Fig. 4), and the resting cell per- 
centage had returned practically to the normal level. Three days after the first 
weekly croton oil painting it had risen to 26 per cent, and it continued to rise 
slowly, during subsequent treatments, to 28 per cent on the 115th day. 

There was no evidence that the increased resting cell percentage in this group 
was confined to small areas of greater hyperplasia. It appeared to be distributed 
throughout the treated area of epidermis. 
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Fic. 13.—Experiment 2: 
© Group 2: 10 mice at beginning of experiment, 8 survivors at 217th day. 
[) Group 4: 12 mice at beginning of experiment, 11 survivors at 217th day. 


Weekly croton oil applications without previous treatment (Group 3) caused 
only a transient rise to 21 per cent on the 3rd day, and thereafter the level 
declined gradually to 16 per cent on the 115th day. No tumours appeared in 
this group. 

Weekly application of benzpyrene without previous treatment (Group 4) 
caused a rise of resting cell percentage at first slower, but later more rapid, than 
weekly applications of croton oil after one application of benzpyrene (Group 2). 
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Tumour production in Group 2 and 4 is charted in Fig. 13. Since no tumour 
appeared in the other groups, they are omitted. It will be seen that tumour 
production in Group 4 began earlier than in Group 2, but later proceeded more 
rapidly. This suggests a possible parallelism between the early rise of resting 
cell percentage and the tumour production which follows about 50 days later. 

(3) In a third experiment, four groups, each of 8 male and 8 female mice of 
the ‘“S”’ strain, were treated as shown in Table III. Group 1, in this experiment, 
has the same function as in the last : a test of the carcinogenicity of the primary 
treatment with the carcinogen. No tumours in fact developed in this group, 
but it has been found in larger groups of the “S ” strain that this dose of 9:10- 
dimethy1-1:2-benzanthracene produces tumours in 5 to 10 per cent. Groups 2 
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Fic. 14.—Experiment 3: Each point represents average of 11 to 16 mice. Vertical strokes through 
points represent standard errors. 


TaBLeE II1.—Experiment 3. 
Each group consists of 8 g and 8 2 mice of “8 ” strain. 


Group. Primary treatment Interval. Secondary treatment (weekly ap- 
(one application). plications begun on 10Ist day). 
1 . 0-3 ml. 0-15 per cent DMBA* in . — ‘ ~- 
acetone 
2 ; As Group 1 - l0l days . 0-3 ml. 2-5 per cent croton oil in 
paraffin oil. 
3 ° — ‘ —_ . As Group 2 
4 ° As Group 1 - l0l days . 0-3 ml. 0-15 per cent DMBA in 
paraffin oil. 
Average percentage of resting cells (with standard errors) in epidermis, at times reckoned from 
start of primary treatment. 
Group. 70 days. 104 days. 111 days. 132 days. 160 days. 216 days. 
2 ° — . 27-44+0-°56 . 29-740-56 . 28-140-56 . 30-840-57 . 35-640-62 
‘ — - 23-340-55 . 19-54+0-53 . 16-640-51 . 19-140-52 . 20-0+40-57 
15-5+0-°73 . 17-640-53 . 24-140-57 . 23-940-57 . 25-710-58 . 40-1+40-71 
* 9:10-dimethyl-—1:2—benzanthracene. 
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and 3 in this experiment also correspond to those of the second experiment. In 
Group 4 weekly applications of the carcinogen dissolved in paraffin oil, instead of 
acetone as in the second experiment, were used as the secondary treatment, to 
provide fairer comparison with Groups 2 and 3. Average resting cell percentages 
are listed in Table III and charted in Fig. 14. 

As in the last two experiments, the difference between the effects of croton 
oil treatment with and without a previous carcinogenic stimulus is clear (Groups 
2 and 3). In Group 4, resting cell percentages were at first lower than, but later 
rose above, those of Group 2. In raising the resting cell count 0-15 per cent 9:10- 
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Time in days from primary treatment 
Fic. 15.—Experiment 3 : 
© Group 2: 16 mice at beginning of experiment, 12 survivors at 227th day. 
A Group 3: 16 mice at beginning of experiment, 13 survivors at 227th day. 
©) Group 4: 16 mice at beginning of experiment, 11 survivors at 227th day. 


dimethy]-1:2-benzanthracene in paraffin oil appears to have been less effective 
than 1 per cent benzpyrene in acetone (Group 4 of Experiment 2, but note that 
different strains of mice were used). 

Fig. 15 shows the rate of tumour production in these groups. Tumours 
appeared earlier in Group 2 than in Group 4 ; thus, as in the former experiment, 
there appears to be a parallelism between resting cell percentage and subsequent 
tumour production. A larger group of animals would be needed to confirm this. 

A few tumours appeared late in Group 3 (treated with croton oil alone). 
Except for their small size these did not differ in their general characters from 
those produced by the other treatments. All were small benign papillomas, 
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except one in which early malignant change was probably present. During a 
considerable experience of the application to mouse skin of croton oil alone, a 
very few small tumours have been seen, but never as many as in this experiment. 
Precautions against contamination of cages, etc., with carcinogenic substances 
are taken, but the possibility that such a technical mistake occurred cannot, of 
course, be entirely excluded. It is perhaps significant that the resting cell per- 
centage in this group, after falling to 16-6 per cent on the 132nd day, rose again 
to 20 per cent on the 216th day. 

Tumours produced by the application of substances generally regarded as 
non-carcinogenic have been occasionally reported. A few warts have been pro- 
duced by painting mouse skin with pinene, turpentine, and oleic acid (Twort and 
Fulton, 1930), by croton oil itself, and by xylene (Berenblum, 1941), and even by 
dichlorodiethylsulphide (mustard gas), which inhibited tumour production when 
mixed with a carcinogenic tar (Berenblum, 1931). 


Plates. 

Fig. 1 represents normal mouse skin. Fig. 2 to 8 illustrate the progressive 
epidermal changes in skin painted with | per cent benzpyrene in acetone (Fig. 
2, 3, 4), with 2-5 per cent croton oil in paraffin oil (Fig. 5, 7), and with the latter 
after recovery from the former (Fig. 6, 8). Fig. 9 and 10 are high-power views 
of regions of the epidermis consisting predominantly of resting cells and differen- 
tiating cells, respectively, taken from the same specimen as Fig. 8. Compare 
Fig. 5 and 7 with Fig. 6 and 8. There is a deeper basal layer, consisting pre- 
dominantly of resting cells, in the latter than in the former. Further details are 
given on p. 256. 

DISCUSSION. 

These experiments show that the histological reaction to croton oil of mouse 
skin which has apparently recovered from treatment with a chemical carcinogen 
is not the same as that of normal skin. In the former case a marked and pro- 
longed rise in the percentage of resting (i.e., potentially dividing) cells in the 
epidermis takes place. This is a characteristic effect of carcinogenic stimuli. In 
the latter case, in spite of great hyperplasia, only a slight, and generally transient, 
rise in resting cell percentage is produced. It may be objected that croton oil 
is probably a weak carcinogen. Certainly it is evident from recent work (Shubik, 
1950a) that croton oil does not produce its characteristic effect simply by reason 
of its hyperplastic action. Many substances are as powerful hyperplastic agents 
as croton oil, without being co-carcinogenic. Croton oil is much the most power- 
ful co-carcinogen for the mouse’s skin yet discovered. Its action appears to be 
highly specific with respect to animal species, and perhaps also with respect to 
the carcinogen with which it acts. It may be that it combines very weak car- 
cinogenic with powerful co-carcinogenic power. But if this were so, it would not 
affect the interpretation of the present findings, which depends on the difference 
in their reactions to croton oil of skin previously treated with a carcinogen and 
of normal skin. 

Berenblum and Shubik (1947b) have assumed that the essential change which 
persists for months after skin has been treated with a chemical carcinogen rests 
in a few cells, thé “ latent tumour cells.’”’ Our results show that even if there are 
in such skin, cells, or small groups of cells, which can be described in this way, there 
is also an alteration throughout the epidermis which shows itself by the appear- 
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ance of a special type of hyperplasia, soon after the skin is treated with croton 
oil, resembling in at least one important respect the hyperplasia produced by 
carcinogens. A number of tumours subsequently appear. This number varies 
widely according to strain of mouse and strength of initial carcinogenic stimulus ; 
there may be an average of only 2 or 3, or as many as 20, per mouse. But even 
if the higher figure is taken, and it is assumed that each tumour was represented 
before croton oil treatment began by a single “latent tumour cell,” or a small 
group of such cells, these cannot be responsible for the generalized rise in resting- 
cell percentage which is observed throughout the epidermis. In fact the chance 
of finding such a cell or group in a section is small. The evidence leaves no doubt 
that mouse epidermis, once treated with a chemical carcinogen, though it returns 
in time to a state almost indistinguishable microscopically from the normal, has 
suffered a permanent, or at any rate long-lasting, alteration which is general, 
and does not consist merely in the presence of a few “latent tumour cells.” 


SUMMARY. 


1. The effect of croton oil on mouse skin after apparent recovery from small 
doses of chemical carcinogens was compared with its effect on normal mouse skin. 

2. Quantitative histological analysis of the epidermis by the methods of 
Gliicksmann (1945) showed that in skin treated weekly with croton oil, 1} to 3 
months after previous treatment with a chemical carcinogen, the percentage of 
resting (potentially dividing) cells rose to, and remained at, a high level. In 
normal skin treated weekly with croton oil the percentage of resting cells rose 
slightly at first, and then returned almost to the normal level. 

3. With respect to resting cell percentage in the epidermis the effect of 
repeated applications of croton oil after apparent recovery from a carcinogenic 
stimulus is similar to the effect of repeated applications of a carcinogen, and 
differs from the effect of croton oil alone. 

4. It appears that mouse epidermis which has been treated with a carcinogen, 
though it returns to a state closely resembling the normal, has suffered a general 
change which does not consist merely in the presence of a few latent tumour cells. 


We are indebted to Professor S. P. Bedson, F.R.S., and to Dr. A. Gliicksmann, 
for their interest and advice, to Dr. J. O. Irwin for suggesting a method of statis- 
tical analysis and to Mr. R. Oliver for help in carrying it out,and to Mr. L.J. Hale, 
Mr. G. Downes and the late Miss B. Downs, for technical assistance. 

The expenses of this research were partly defrayed out of a block grant from 
the British Empire Cancer Campaign. 
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IN previous communications (Powell, 1944, 1946a, 1946), 1947) it has been 

suggested that many of the typical properties of tumour cells can be explained 
‘by the occurrence of a derangement of the submicroscopic protein framework 

of their protoplasm. It was also suggested that the growth of malignant cells 
might be inhibited by chemical compounds able to link together the ultra- 
structural protein fibrils of tumour cells, and thus simulate the arrangement of 
comparable fibrils in norma! cells. 

Disulphide bridges constitute one of the more important classes of inter- 
connections between the fibrils of native proteins. The rupture of disulphide 
bridges may result in paired thiol groups which can be interlinked by quinones. 
Quinones can also cross-link protein fibrils by combining with amino and imino 
groups (Sexton, 1949). In an earlier communication (Powell, 1944) it was 
reported that certain quinones, and other compounds with a comparable effect 
on proteins, inhibited the growth of Twort carcinomas in mice. 

Quinones have been reported to act as mitotic poisons on fibroblasts grown in 
tissue culture (Meier and Allgéwer, 1945; Meier and Schar, 1947) and on the 
cells of developing eggs of the fresh-water annelid T'wbhifex (Lehmann, 1942, 1945 ; 
Huber, 1945, 1947). Mitchell and Simon-Reuss (1947) have described the inhi- 
bitory effect of tetrasodium 2-methy]-1 : 4-naphthohydroquinone (‘‘ Synkavit ”’) 
on normal and malignant cells grown in vitro. Mitchell (1948) has also reported 
increased radiosensitivity in tumours of patients concurrently treated with 
“‘ Synkavit.’’ However, Gellhorn and Gagliano (1950) subsequently claimed 
that ‘‘ Synkavit ’ had no appreciable inhibitory effect on the growth of transplant- 
able tumours in mice and rabbits. The bacteriostatic effects of quinones are 
well known (Hoffmann-Ostenhof, 1947). 

In the present series of experiments 9 : 10-phenanthraquinone was used as 
being the simplest readily available quinone likely to show a tumour-inhibiting 
action without being too toxic for continued administration to experimental 
animals. 

MATERIALS AND METHODS. 
Preparation of 9 : 10-phenanthraquinone. 

The phenanthraquinone used in the experiments described was prepared by 
oxidizing phenanthrane in glacial acetic acid solution with chromium trioxide. 
The reaction product was allowed to cool, diluted with water and the solids 
collected by filtration. The crude quinone was well washed with water and 
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extracted with sodium metabisulphite solution. The quinone was recovered 
from the filtered bisulphite solution by precipitation with sodium carbonate or 
sulphuric acid. Further purification was carried out by repeated formation of 
the additive bisulphite compound and subsequent precipitation as above. Chloro- 
form or benzene solutions of the purified quinone were then thoroughly extracted 
with cold dilute sodium carbonate solution, washed with water and dried over 
anhydrous sodium sulphate. The filtered dry quinone solution was passed 
through a column of adsorbent alumina and the quinone recovered by distilling 
off the solvent and washing with ether. It was then recrystallized from acetone. 

Prepared by this method, phenanthraquinone contains a variable amount of 
impurity with a hot burning taste. However, preparations of phenanthra- 
quinone of sufficient purity for preliminary experimental trials on animal tumours 
have been made by the method described above. 


Administration of phenanthraquinone. 


Preliminary experiments had shown the necessity of continuous adminis- 
tration of quinone to obtain optimum inhibition of tumour growth. Finely 
ground quinone was therefore incorporated in the food given to treated mice. 
This food was made up in the proportions : powdered rat cake 80 g., plain flour 
20 g., quinone as desired, tap water 50 ml. The dry ingredients, including the 
quinone, were thoroughly mixed, the water then added and the mixture worked 
into a stiff dough, which was rolled and cut into small cubes. These were gently 
dried overnight at a moderate heat. Freshly prepared food was given in excess 
to treated mice each day. 

Control experiments with prepared food lacking the quinone showed that it 


maintained the health and growth of mice, and that their tumours grew at the 
same rates as those of mice fed on the ordinary laboratory diet of whole rat cake 
cubes. 


Experimental animals. 

In all the experiments inbred strains of mice were used. With the exception 
of Carcinoma 63, which was grown in Strong A strain mice, the tumour strains 
were homologous with the hosts. The following transplantable tumours were 
used : Carcinoma 63, a fibrosarcoma (Ac) of Strong A mice, a spindle cell tumour 
and a squamous cell carcinoma of CBA mice, a rapidly growing undifferentiated 
sarcoma (Rb) and a mammary adenocarcinoma of RIIT mice. 

The tumours were grafted subcutaneously in the right flanks of the mice, in 
each experiment the implants being portions taken from one tumour. In each 
experiment mice with actively growing tumours were divided into groups, control 
and experimental. The sizes of the tumours were then recorded, and the mice 
to be treated placed immediately on the diet containing quinone. The tumours 
of the mice in each group were measured at intervals, and after the last measure- 
ments the tumours from both the treated and control mice were removed for 
histological study. 


EXPERIMENTAL RESULTS. 


The inhibitory effect of food containing 1 to 2 per cent phenanthraquinone 
upon the growth of Carcinoma 63 is illustrated in the first three charts (Fig. 1, 2, 
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3). In the first experiment (Fig. 1) the grafts grew more quickly than is usual 
for this strain of tumour. The sizes of the tumours at the beginning of this 
experiment were also appreciably larger than in the two other experiments. 

In the first experiment (Fig. 1) the majority of the tumours of the mice in 
both treated groups grew during the early days of treatment, but later showed 
little growth. Tumour No. 13 did, however, show considerable growth after an 
initial inhibition. 
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Fic. 1.—Effect of 1 per cent phenanthraquinone upon the growth of Carcinoma 63 in A strain 
mice. In all the text-figures the horizontally placed numbers indicate days after inoculation, 
and the concentration of phenanthraquinone in the food is given as a percentage of the 
combined weights of flour and rat cake powder. 


The quinone used in this experiment possibly contained a trace of the hot 
tasting impurity, but treated mice showed no harmful effects from it. The growth- 
inhibitory effect of the drug is evident from a study of the chart. It became 
more marked with the duration of treatment. In this experiment the control 
mice were fed upon food prepared from rat cake, flour and water. Ordinary 
rat cake was given to control animals in all the following experiments. 





‘@OTUL UTBI4S Y UI Eg BUIOUTOIBH JO YyMoIZ ey) uOdN euoumberyjueucyd yuoo 10d Z Jo qooyo oy} Burmoys syuoutsedxe OMT—¢ pus Z “OI 


‘€ “Old % ‘old 





“ud 


o 
_— 


@eee2@ee 020868 
~amnvt wo nD OD 








A 


| 
— 


$l 4! ol 


on 
a 


vai or 











N 
lon) 
=) 
2) 
= 
=) 
e 
<3) 
N 
=) 
© 
= 
Z 
© 
ica) 
Z 
© 
Z 
_— 
=) 
<4 
a 
: 
A 
< 
A 
= 
x 
Au 
oa 
© 
x 
<a 
a 
a 








pezeoly [o1rqguog poeyeoiy 1ouguog 


























268 A. K. POWELL 


The charts shown in Fig. 2 and 3 demonstrate the similarity of the results 
obtained in different experiments with a particular strain of tumour when 
the rate of tumour growth is approximately the same, and the concentration 
of the drug is constant. They should be contrasted with that in Fig. 1, in 
which the growth of the control tumours is appreciably faster. Here, with a 
higher concentration of the drug, smaller initial sizes and slower intrinsic growth 
rates of the tumours, the inhibitory effects of the treatment are greater than in 
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Fic. 4.—Effect of 2 per cent phenanthraquinone upon the growth of a fibrosarcoma of 
A strain mice. 


the first experiment (Fig. 1). At the end of the second experiment (Fig. 2) one 
tumour, No. 8, had grown very slightly, three others were stationary, and the 
remaining three were not visible externally. The results of the other experiment 
with food containing 2 per cent quinone (Fig. 3) are of the same order. 

The remaining charts (Fig. 4, 5, 6) demonstrate the effects of phenanthra- 
quinone upon the growth of tumours homologous with their hosts. At a concen- 
tration of 2 per cent in the food, the quinone significantly inhibited the growth 
of a rapidly growing fibrosarcoma of A strain mice (Fig. 4), a spindle cell tumour 
of CBA strain mice (Fig. 5), and a very rapidly growing sarcoma of RIII strain 
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mice (Fig. 6). Complete regressions were observed in two of these latter experi- 
ments. 

Considering the experimental results as a whole it appears that inhibition 
of tumour growth is greatest when small tumours are treated and the intrinsic 
growth rate is slow. After transplanted tumours have attained a certain size, 
varying with the strain, the growth-inhibiting effect of phenanthraquinone is 
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Fic, 5.—Effect of 2 per cent phenanthraquinone upon the growth of a spindle cell tumour of 
CBA strain mice. 


considerably less. The inhibition of several spontaneous mammary tumours 
of A and RIII strains of mice by the quinone was comparable with that of the 
transplanted tumours. Also, the growth of a transplantable mammary adeno- 
carcinoma of RITI mice and a transplantable squamous cell carcinoma of CBA mice 
was strongly inhibited. Thus the growth of a variety of different tumours can 
be inhibited by phenanthraquinone under the conditions described. 

Samples of phenanthraquinone containing sufficient impurity to make it 
unpalatable cause loss of weight of the treated animals. Gastro-enteritis some- 
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times results in such mice, but affected mice may recover completely from the 
toxic effects. Inhibition of tumour growth precedes signs of toxicity in the host 
mice. Treated mice in which tumours are no longer palpable have been kept 
6 to 8 weeks with no resumption of tumour growth. 





Control Treated 





4 


— 
j=) 


4 























Fic. 6.—Effect of 2 per cent phenanthraquinone upon the growth of an undifferentiated 
sarcoma of RIII strain mice. 


DISCUSSION. 


The results of the experiments described demonstrate that the growth of 
animal tumours can be inhibited by the administration of phenanthraquinone. 
The quinone prepared by the methods used in the present work from naturally 
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occurring phenanthrene has the very considerable disadvantage of being fre- 
quently contaminated by hot tasting impurity. The latter causes prepared food 
to be unpalatable, and can give rise, if present in sufficient amount, to gastro- 
enteritis. But, by comparing the effects of samples of quinone of varying degrees 
of palatability, it has been established that the purest samples are the least toxic 
to mice and inhibit tumour growth to the greatest extent. This greater inhibition 
of tumour growth may be due in part to a greater intake of food, and therefore 
of quinone. Detailed investigation of the effects of phenanthraquinone upon 
tumours and of its possible value in tumour chemotherapy is dependent upon 
the preparation of the drug in a pure state. Its further purification and alter- 
native methods of synthesis are under investigation. 

The additive compound of phenanthraquinone with sodium metabisulphite is 
very readily hydrolyzed in vivo to yield the free quinone. Serial intraperitoneal 
injections in mice of aqueous solutions of the quinone-bisulphite compound in 
sub-lethal doses at frequent intervals indicate that the liberated quinone is very 
rapidly metabolized in the body. In view of the rapid destruction of phenanthra- 
quinone in vivo and of the rapid growth rates of many tumours, it is essential 
that continuous administration of the drug be maintained in order to expose the 
tumour cells to an effective concentration of the drug for sufficiently long periods. 
Failure to achieve this could permit a proportion of the tumour cells to grow and 
divide. In the early stages of an experiment cessation of treatment with the 
quinone may result, in some instances, in stationary tumours recommencing 
growth. On the other hand, similar tumours continually subjected to the action 
of the quinone fail to grow and often regress completely. In these preliminary 
experiments the simplest method of ensuring an adequate and continual supply 
of the quinone, namely, by adding it to the food, was adopted. However, this 
method is not entirely satisfactory. Adequately controlled experiments in which 
individual mice receive known amounts of quinone at definite times are necessary 
for detailed studies of the action of the drug. 

Very little of the quinone in a concentration of 1 to 2 per cent in the food 
ingested by a mouse can be available for action on substrates in tumour cells, 
since there is a very great disparity between this amount and the lethal dose 
given as the bisulphite derivative by injection. Much of the fed quinone may not 
be absorbed from the food, and the greater part of that reaching the body fluids 
may be metabolized. 

Sodium salts of the phosphoric and sulphuric acid esters of 9 : 10-phenanthra- 
hydroquinone have been synthesized and tested for possible inhibitory effects 
on tumour growth, but they have been found to be unsuitable for the treatment 
of tumour-bearing mice. The former very readily hydrolyzes to give the hydro- 
quinone, which readily oxidizes to the quinone, and the latter is extremely 
resistant to hydrolysis. 

Preliminary experiments upon the administration of thiol compounds concur- 
rently with phenanthraquinone to tumour-bearing mice appear to indicate that 
the latter reacts with thiol groups in vivo. Its inhibitory action on tumour 
growth may be due, at least in part, to this effect. The antibacterial effect of 
some quinones has been attributed by Cavallito (1946) to their interaction with 
thiol groups. It is known that quinones can react as «, 6-unsaturated ketones, 
resulting in the addition of compounds through thiol and amino groups (Sexton, 
1949). The ability of the quinonoid structure to undergo reversible reduction 
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may enable phenanthraquinone to function as an oxidation-reduction catalyst 
and so disturb the natural oxidation-reduction balance of tumour cells, possibly 
to a greater extent than that of most normal cells. In view of its considerable 
chemical reactivity, as well as of its affinity for proteins, phenanthraquinone 
would be expected to have multiple effects on cells. Despite the possibility that 
phenanthraquinone has in vivo the mode of action postulated earlier, that is, of 
forming cross-linkages between ultra-structural protein fibrils, it is emphasized 
that its actual mode of action remains a completely open question. The available 
evidence favours the view that over a certain range of concentration tumour cells 
are more sensitive than normal cells to the effects of phenanthraquinone. 

It has been reported by Mitchell (1948) that the combined antimitotic effect 
of ‘‘ Synkavit ’”’ and x-rays is greater than the additive effects of both agents 
used singly. A similar relation holds for the effects of phenanthraquinone and 
x-rays upon the growth of mouse tumours. 


SUMMARY. 


1. When fed to tumour-bearing mice 9: 10-phenanthraquinone has an 
inhibitory effect on tumour growth. 

2. Inhibition of the growth of the following tumours has been demonstrated : 
Carcinoma 63 in A strain mice, a fibrosarcoma of A strain mice, a spindle cell 
tumour and a squamous cell carcinoma of CBA mice, a rapidly growing undifferen- 
tiated sarcoma and a mammary adenocarcinoma of RIITI mice, and spontaneous 
mammary tumours of A and RIIT mice. 

3. It is suggested that phenanthraquinone reacts with sulphydryl or other 
accessible radicles of proteins, and may induce changes in the fibrous ultra- 
structural protein framework of the protoplasm of tumour cells. 

4. Some possible modes of action of phenanthraquinone upon malignant 
cells are discussed. 


I am greatly indebted to Dr. R. J. Ludford for his valuable advice and criticism. 
My thanks are also due to Mr. D. Astwood and Mr. G. A. Butcher for assistance 
with the chemical preparations and animal experiments. 
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In earlier papers (Allsopp and Szigeti, 1946) an account was given of some of 
the properties of water-soluble substances which are produced from 3:4-benz- 
pyrene under the influence of monochromatic radiation of wavelength 2537A. 
Aqueous (bicarbonate) extracts from the irradiated benzpyrene were found to be 
carcinogenic when painted on the skins of mice (Allsopp, 1946). These biological 
tests, however, were very prolonged, four or five paintings weekly for some 
twenty-six weeks being required before growths were obtained. In an attempt 
to reduce this “latent period ” experiments have been made in which croton oil 
was used as a co-carcinogen. 

Observations on the effects of croton oil on the mice used in these experiments, 
when compared with those of Dr. P. Gorer at Guy’s Hospital Medical School, and 
of Dr. M. Salaman at the London Hospital, who used other strains of mice but 
the same oil, suggested that the results obtained vary with the strain of mice 
used. In view of this possibility the effects of croton oil alone on the mice have 
been investigated in some detail ; and some of Berenblum’s early experiments 
(Berenblum, 1941) on the co-carcinogenic activity of croton oil when used with 
3:4-benzpyrene itself have also been repeated. 

Because of the small amounts of the water-soluble derivatives of benzpyrene 
which can conveniently be prepared at any one time, the numbers of mice which 
could be included in each experiment were limited, and the observations must 
be viewed in the light of this ; but the contrasts in behaviour were in some cases 
so striking that they justify being recorded in some detail. 


EXPERIMENTAL. 


Animals.—The mice, Parkes’ albino strain, came from the same stock as was 
used in the earlier experiments (Allsopp, 1946). No spontaneous skin tumours 
have been seen in the stock over a period of many years. 

Materials.—Bicarbonate solutions of the water-soluble derivatives were pre- 
pared, by the method already described (Allsopp, 1946), from 3:4-benzpyrene 
supplied by the British Empire Cancer Campaign. The croton oil was “ Ol. 
Croton B.P.C.” supplied by Boots Pure Drug Company ; and the acetone used 
as solvent was from British Drug Houses, “‘ Analar ”’ quality. 

Method of treatmerit.—The bicarbonate solutions were rubbed with a camel’s 
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hair brush into an area about 1 cm. in diameter on the back of each mouse. The 
fur was not clipped. Solutions of croton oil and of 3:4-benzpyrene in acetone 
were applied by pipette drop by drop on a similar area of unclipped fur and were 
allowed to dry. 

Histology.—The histological material was fixed in acetic Zenker’s fixative. 
Serial sections were cut at 10u and stained with haematoxylin and eosin. 


RESULTS. 


The number of mice used, the treatment, and the general nature of the results 
of each experiment, are summarized in Table I, and the times of appearance of 
growths are shown diagrammatically in Fig. 1. 





EXP. 2a. 
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Fic. 1.—Times of appearance of papillomata and epitheliomata on mice painted with croton 
oil and water-soluble materials derived from 3:4-benzpyrene, Experiment 2, and with croton 
oil and 3:4-benzpyrene itself, Experiment 3. 

Experiment 2a: -- - - - Papillomata subsequently sloughed. -———- Papillomata 
which developed into epitheliomata. 

Experiment 2d: Short lines indicate epitheliomata observed in earlier experiments 
(Allsopp, 1946). 


Changes produced in mouse-skin by painting with croton oil only. (Table. I, 
Experiment 1.) 


A single painting with 0-1 ml. of 0-5 per cent croton oil in acetone (Experi- 
ment la) at first caused little superficial change. Slight ulceration, as evidenced 
by patchy encrustation, was visible on the third day, after which epilation began. 
This was complete by about the tenth day. So soon as the encrustation sloughed 
hair began to grow again, and by the fourteenth day the animals appeared normal. 
Day to day observations are set out in Table IT. 

Painting with 0-5 per cent croton oil at weekly intervals (Experiment 1b) 
caused a similar sequence of macroscopic changes, but restoration of hair growth 
was delayed until the third week, after which the epilation cycle repeated itself 
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TaBLeE II.—Effect of Single Application of 0-1 ml. of 0-5 per cent Croton Oil in 
Acetone. 


Day after Appearance. 


painting. Superficial. Histological. 
1 : No obvious change . Diffuse leucocytic infiltration of the 
dermis and hyperplasia of epidermis. 
2 . Very slight ulceration . Ditto. 
3 . Encrustation beginning . The same with ulceration and epila- 
tion. 
Skin lightly encrusted . Less hyperplasia and less infiltration. 
Epilation beginning . Hyperplasia and infiltration. Folli- 
cular regeneration beginning. 
Epilation and encrusta- . The same, with ulceration. 
tion marked 
Extensive epilation . Ditto. New deep dermal connective 
tissue. 
Epilation complete . Ditto. New subdermal connective 
tissue. 
11 ‘ Hair growing . Thesame, but only in minute patches. 
14 : Hair re-growing . No abnormality. 





at approximately two-week intervals. Croton oil 1 per cent (Experiment Ic) 
behaved similarly, but gave rise to much more severe ulceration. Applied to the 
skin in this way, croton oil seemed to have a general toxic effect on the mice, 
and it was found inadvisable to continue paintings for more than twenty weeks. 


Co-carcinogenic effect of croton oil with a bicarbonate extract from irradiated 3:4- 
benzpyrene. (Table I, Experiment 2.) 

Experiments 2a and 2d: In Experiment 2a the mice were painted with 
bicarbonate extract from irradiated benzpyrene 4 to 5 times weekly and with 
croton oil in acetone once weekly until the growths produced became malignant. 
In Experiment 2d, which repeated the earlier tests of the bicarbonate extracts 
(Allsopp, 1946), acetone alone was substituted for the croton oil solution. Papilo- 
mata appeared in Experiment 2a after 13 weeks. The first was observed in 2d 
in the thirty-second week (Fig. 1), by which time 9 of the 20 mice in 2a had 
developed 10 papillomata between them. Those on 7 of these 9 mice, however, 
were observed to keratinize and slough; only 3 of these early papillomata, 2 of 
which were on the same animal, continued to grow until they developed into 
carcinomata, this stage being reached about the thirty-ninth week. Three more 
mice developed papillomata between the thirtieth and thirty-seventh weeks : 
two of these growths became malignant, and one (the last to appear) sloughed. 
Epitheliomata also appeared during this period on 2 mice which had previously 
lost papillomata by sloughing elsewhere on the painted area. (These are not 
recorded in Fig. 1.) Subsequent histological examination of all the sites at which 
sloughing had occurred revealed hyperplasia ; in 2 cases there was also hyper- 
keratosis. There were signs of ulceration on 2 animals, but it was very slight 
(Experiment 1). There were no signs of the papillomata. 
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In Experiment 2d papillomata appeared on 5 out of 10 mice between the 
thirty-second and seventieth weeks of painting. None sloughed, and they sub- 
sequently developed into squamous cell carcinomata. These results confirm those 
of the earlier tests (Allsopp, 1946 ; Fig. 1) in which carcinomata developed on 7 
out of 10 mice between the thirty-fifth and sixty-sixth weeks of painting. These 
earlier results are included for comparison in Fig. 1, Experiment 2d. 

Control Experiments 2b and 2c: One set of 10 mice (2b) was painted daily 
with a bicarbonate extract from unirradiated benzpyrene (‘‘ Control extract ”’ in 
Table I), and another (2c) with bicarbonate, each set also receiving a weekly 
application of croton oil. These experiments were continued for 39 weeks, by 
which time 13 growths had been recorded on the 20 mice in Experiment 2a. No 
growths resulted, and histological examination of the painted skins revealed 
nothing more than a slight hyperplasia on any animal. 


Co-carcinogenic effect of croton oil with 3:4-benzpyrene. (Table I, Experiment 3.) 


Equal volumes (0-1 ml.) of 0-05 per cent benzpyrene in acetone and of 0-5 
per cent croton oil in acetone were applied alternately at 3- to 4-day intervals, 
each animal thus receiving each agent once weekly. Control animals were painted 
at the same times with benzpyrene, but with acetone instead of croton oil solution. 
Papillomata were first seen on the experimental animals after 5 weeks ; all the 
survivors had malignant or ‘“ pre-cancerous ”’ lesions by the fourteenth week, a 
precancerous lesion in this context being one exhibiting irregular epilation, hyper- 
keratosis, abnormal regeneration of hair follicles, ill-defined epidermal projections, 
a large increase in the number of mitotic cells, numerous abnormal mitotic figures, 
and leucocytic infiltration of the dermis (Allsopp, 1946). The first papilloma 
appeared on a control animal in the sixteenth week. When the experiment was 
discontinued in the twentieth week, 4 out of 8 surviving control animals had 
cancerous or pre-cancerous lesions ; the remainder showed marked hyperplasia 
only. The croton oil had thus caused an acceleration of the production of 
papillomata (Fig. 1, Experiments 3a and 3b). 


DISCUSSION. 


When the action of a carcinogen is tested in combination with some other 
external physical or chemical agent, this agent has been described as “ co-car- 
cinogenic ’’ when the added treatment causes a higher yield of tumours or a 
shortening of the latent period before they appear (Berenblum, 1947). On the 
basis of extensive experimental work by Berenblum (1944), substantiated by 
subsequent workers, croton oil has become recognized as a most potent co- 
carcinogen. The experiments described above, however, suggest that its action 
is more complicated than this simple description migth indicate. 

Despite a marked difference in the response to croton oil of the mice now used 
when compared with that of strains used by other workers, Berenblum’s findings 
(Berenblum, 1944) have been largely confirmed when 3:4-benzpyrene was the 
carcinogen ; but when the hydrocarbon was replaced by the water-soluble sub- 
stances which are obtained from it by the action of ultraviolet light croton oil 
appeared to exert a different effect since, while papillomata appeared on the mice 
at a very much earlier stage than they did with the carcinogenic solutions alone, 
a proportion of these papillomata did not develop into epitheliomata, whereas 
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painting with the water-soluble derivatives of benzpyrene by themselves produced 
carcinomata. The distinction in behaviour, however, was not entirely clear-cut, 
since the papillomata on 2 out of 9 animals did persist, growing very slowly, until 
they became malignant. 

The earlier experiments with the water-soluble substances (Allsopp, 1946) 
showed that with them the process of carcinogenesis was slow, but that it passed 
through the usual 3 phases of hyperplasia, papillomata, and finally carcinomata. 
The last stage required 6 to 10 weeks. The present experiments suggest that 
croton oil accelerates the transition from hyperplasia to papillomata—the first 
papilloma appeared after 13 instead of 26 weeks—but not the transition from 
papillomata to epitheliomata, which again took about 9 weeks. Indeed it may 
even delay this change, or—in those cases where the papillomata were sloughed— 
prevent it. In contrast to this, benzpyrene itself appears to act rather more 
quickly ; epitheliomata had developed in the animals recorded in Experiment 3b 
of Fig. 1 between the first appearance of papillomata at the sixteenth and 
eighteenth weeks and the conclusion of the experiment in the twentieth week. 

It might appear possible that the sloughing of the early papillomata on the 
animals painted with croton oil and the bicarbonate extracts from irradiated 
benzpyrene could be attributed, at least in part, to ulceration caused by croton 
oil ; but the ulceration produced by croton oil at the concentration which was 
used in the experiments was very slight (Experiment 1), and no sloughing was 
observed when the same concentration of croton oil was used in conjunction with 
3:4-benzpyrene. This, therefore, is not the main factor in the sloughing process. 
Sloughing of early papillomata has, however, been observed in experiments in 
which mice were painted with cholanthrene and croton oil (Allsopp, 1948), while 
Shubik (1950) has reported a diminished number of malignant tumours, and a 
very high regression rate, in mice painted with croton oil in conjunction with 
9:10-dimethyl-1:2-benzanthracene. It thus appears that while croton oil is co- 
carcinogenic in the sense that it causes papillomata to appear on mice treated with 
a carcinogen at an earlier stage than they would with the carcinogen alone, it 
does not always convert these papillomata into epitheliomata, and that the 
co-carcinogenic effect is influenced considerably by the carcinogen used. 


SUMMARY. 


When water-soluble materials derived from 3:4-benzpyrene were painted on 
the skins of mice in conjunction with croton oil as co-carcinogen, papillomata 
appeared much earlier than with the water-soluble materials alone ; but most of 
these early papillomata keratinized and sloughed, whereas those produced by 
the water-soluble materials alone grew into epitheliomata. 


These experiments were begun at the Strangeways Research Laboratory, 
Cambridge. Iam indebted to Dr. A. Glucksmann, of that laboratory, for examin- 
ing and reporting on all the histological material, and for much valuable advice 
and discussion ; and to Mr. C. Winter, his assistant, for preparing that material. 
I am grateful to Dr. P. Gorer, of Guy’s Hospital Medical School, and to Dr. M. 
Salaman, of the London Hospital, for comparing with mine the results of their 
experiments on the effects of croton oil on the skin of mice. The work described 
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was supported by the British Empire Cancer Campaign, for whose assistance I 
express grateful thanks. A preliminary account appeared in the 25th Annual 
Report of the Campaign (Allsopp, 1947). 
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THE EFFECT OF HORMONAL FACTORS AND THE REMOVAL 
OF CERTAIN ORGANS UPON THE GROWTH OF A TRANS- 
PLANTED RAT TUMOUR. 


C. FUNK, P. TOMASHEFSKY, R. SOUKUP anp A. EHRLICH. 
From the Funk Foundation for Medical Research, New York City, U.S.A. 


In 1917, at a time when the existence of the various hormones of the pituitary 
was not established and none had been isolated, one of us (C. F.) advanced a 
working hypothesis on the relationship of this gland and neoplastic disease. The 
necessity for further research into the effect of the pituitary gland (anterior lobe) 
on cancer was pointed out. At the time it was known that adenomas of this 
gland produced abnormalities in children and young adults; it was therefore 
postulated that in later life, when gigantism and acromegaly were no longer 
possible, increased activity of the pituitary gland might be responsible for the 
production of tumours (Funk, 1917). For a long time and for obvious reasons 
it was impossible to put this hypothesis to a test. Thanks to the classical work 
of Evans, Li and Simpson (1948) we now have the necessary tools for prelimin- 
ary and systematic appraisal of the importance of various hormones of the 
anterior pituitary in tumour growth. 

The purpose of the work reported in this paper was to test the effect of 
various anterior pituitary and related hormones upon the growth of implanted 
tumours in hypophysectomized rats. As a supplement to this work we also 
dealt with the removal of certain organs (mainly glands of internal secretion) 
on the rate of growth of a transplanted rat tumour in otherwise intact animals. 
While there is no doubt that studies on this subject have already been made, 
it appears doubtful whether a systematic study was ever made of the effect of 
the removal of these organs upon the growth of one particulartumour. As an 
addendum we have also investigated the influence of alloxan diabetes upon the 
tumour. 


MATERIALS AND METHODS, 


Hypophysectomy experiments. 

The hypophysectomized and normal rats, Sprague-Dawley strain, were 
supplied to us via air freight by the Hormone Assay Laboratories, Inc., Chicago, 
Illinois. The tumour used was the Walker Carcinosarcoma 256. As a criterion 
of completeness of hypophysectomy we have used the test established by Cortis- 
Jones, Crooke, Henley, Morris and Morris (1950), and have eliminated from 
our experiments those rats not receiving gonadotropin whose testes weighed 
over 500 mg. Inorder to ascertain the relative purities of the hormones used in 
this investigation the following organs were excised and weighed : the thyroids, 
the adrenals, the testes and the spleen. 

The animals were divided into groups after tumour implantation, which 
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usually was made 3 days after hypophysectomy. They were weighed twice 
weekly and their growth curves noted. The injections of hormones were made 
subcutaneously 5 times a week, in some cases twice daily. The diet consisted of 
Purina Laboratory Chow, enriched with whole milk (powdered), whole wheat 
bread and canned dog food ad libitum. Sucrose 1 per cent was added to the 
drinking water. 

Experiment I.—Hypophysectomized rats were divided into 3 groups: Group 
H received no treatment ; Group SG received a total of 3-8 mg. (19-5 I.U.) of 
pregnant mare serum gonadotropin (our own preparation) ; Group GH received 
a total of 9-36 mg. (13-0 R.G.U.) of growth hormone. Intact animals were used 
as a control group. The animals were sacrificed on the thirteenth day after 
tumour implantation. 

Experiment I].—Hypophysectomized rats were divided into 4 groups : Group 
H, controls ; Group GH received the same growth hormone as in Experiment I— 
12-0 mg. (16-7 R.G.U.); Group T received 3-0 mg. (30 J-S U.) of thyrotropic 
hormone ; Group ACTH received 8-0 mg. of adrenocorticotropic hormone. The 
animals were sacrificed 12 days after tumour implantation. 

Experiment III1.—Hypophysectomized rats were divided into 3 groups: 
Group H, controls; Group FSH received a total of 2-5 mg. (116 A.U.) of sheep 
follicle stimulating hormone ; Group ACTH, a total dose of 13-0 mg. in 2 daily 
injections of ACTH. The animals were sacrificed 14 days after tumour 
imp!antation. 

Experiment I V.—Hypophysectomized rats were divided into 2 groups : Group 
H, controls ; Group LH received a total dose of 15-0 mg. of lactogenic hormone. 
The animals were sacrificed 15 days after tumour implantat on. 

At the time the animals were sacrificed the tumours were excised carefully 
and weighed immediately. All of the anterior pituitary hormones used were 
specifically active, as shown by the response of the endocrine glands under their 
control. The thyrotropic hormone showed evidence of possible gonadotropic 
impurity, while the ACTH used in Experiment III showed evidence of possible 
growth hormone impurity. 

The results of these experiments are summarized in Table II. 


Surgical removal experiments. 


The same tumour was used here. In all we have performed 15 experiments, 
removing the testes, ovaries, thyroids (with parathyroids), adrenals and spleen. 
We did not perform any pancreatectomies, but we did use alloxan to destroy the 
function of the pancreas, which is responsible for insulin production. In our sur- 
gical procedures we have followed the recommendations of Farris and Griffith 
(1949). To check on the completeness of the surgical procedures used we have 
excised and weighed, at the time of sacrifice, those organs that are in a physio- 
logical relationship to the excised gland. For instance, in orchidectomy the 
seminal vesicles and the prostate were weighed. At the same time the site of 
the operation was carefully scrutinized for any remnant of the gland, or any 
sign of regeneration of the excised organ. Where such was present, the animal 
was eliminated from the experiment. The diet was the same as in the hypo- 
physectomy experiments. All animals received tap water, except the adrena- 
lectomized animals, which received 1 per cent saline. In some experiments rats 
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of different age groups were used to study the effect of sexual maturity. Inothers 
the effect of the time between the operation and the tumour implant was 
also studied. In our splenectomy experiments various rat strains were used in 
an endeavour to find a strain less susceptible to Bartonella muris infection. 

Details of the experimental procedure are summarized in Table I, the results 
obtained in Table IIT. 


TABLE I. 


No.of Average 

rats weight at 

used, operation 
(g.). 


Days after Days after 
Treatment. Sex. Strain. operation implant 
implant made. __ sacrificed. 


Orchidectomy : 


Exp. I : . Wistar . 12 . 190-200 15 


2 ’ 
Exp. II : . Sherman . 30 . 80-90 . 7 : 14 
3 


Exp. . M . _ » ~~ oe. . 42 
Exp. IV : ‘ - . 23 . 45-50 . 13 : 13 


Ovariectomy : 
50-60 
30-40 
100-120 


Thyroidectomy : 


Exp. VIII . . Wistar . . 130-150 . 
Exp. [X ‘ . Sherman . . 80-90 . 


Adrenalectomy : 
Exp. X, XI. 


Splenectomy : 
Exp. XII. . Wistar . 22% . 140-150. 
Exp. XIII . io” . 95-105 


Alloxan diabetes : 


Exp. XIV . M _ . Sherman . 28° . 130-140 . , 13 
Exp.XV . M . = . 28° . 130-150 . , 13 


Notes : 

1 Of the controls 40 per cent had open vaginas, none of the castrates, at time of implant. 

2 Mortality was about 30 per cent of the animals operated upon. 

8 Mortality of 33 per cent of the operated animals, probably due to Bartonella muris infection. 

* All animals received 60 mg. chloromycetin before splenectomy. Later 20 mg. of the anti- 
biotic. No improvement in survival was noted. 

5 Pre-implant group received a total of 80 mg. of alloxon-monohydrate before tumour im- 
plantation (one day after a dose of 30 mg. the animals showed a glycosuria ; tumourimplantation was 
made that day); post-implant received a total dose of 90 mg. of alloxan from the time of tumour 
implantation to the end of the experiment. Shaefer-Hartman blood-sugar determinations were as 
follows: Pre-implant 461-9 mg. per cent; post-implant 57-2 mg. per cent; controls 77-8 mg. per 
cent. 

* Same conditions as in Experiment XIV were used. 





EFFECT OF HORMONAL FACTORS ON TRANSPLANTED RAT TUMOUR 283 


TABLE IT. 


N f ae Ared Average change Median tumour 
not be ae. el body weight weight Ratio.* 
rats. implant (%). (g.) 
(g-)- 7 sal 


87-6 . —0- ‘ “31 ‘ ai 
88-0 : +3: ; *75 ‘ 122 
88-2 ° +26- ; *87 ‘ 107 
103 -6 . +61- , *35 . 110 


2-72 : a 
*35 7 112 
-07 7 260 
*13 . over 1000 


le +3: 
8 . 826 . ++82- 
11. 815 3. = +10: 
1.0 Ott +3- 


or or cr @ 


oa . ‘ —6: ; 3 . - 
4, —1+ 2-28 137 
4. +11- ; —a- . 202 


< o.. <oele | t +759 . SB. a 
LH . 9 . 88h . +126 . 8-26 ~ . 188 


* Ratio is the mg. tumour difference from hypophysectomized control tumour weight per g. 
body-weight gain difference from hypophysectomized control gain. 


TABLE III. 


Average body 
No. of weight at tumour —" 
Group. pone tg implant , weight Ratio. 
(g-). st (g-). 


Average change Median 


body weight 
° 


Orchidectomy : 
Exp. I. 
Castrates 
Controls . 
Exp. Il. 
Castrates 
Cast.+-Testost. . 
Controls . 
Exp. II. 
Castrates 
Controls . 
Exp. IV. 


Castrates 
Controls . 


19$ 
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Group. 


Ovariectomy : 
Exp. V. 


Castrates 
Controls . 


Exp. VI. 


Castrates 
Controls . 


Exp. VII. 


Castrates 
Controls . 


Thyroidectomy : 
Exp. VIII. 


Thyroidectomized 
Controls . 


Exp. IX. 
Thyroidectomized 
Thyroidect. +- 

thyroxine 
Controls . 


Adrenalectomy : 
Exp. X. 


Adrenalectomized 
Controls . 


Exp. XI. 


Adrenalectomized 
Controls . 


Splenectomy : 
Exp. XII. 


Splenectomized 
Controls . 


Exp. XIII. 


Splenectomized 
Controls . 


TaBLE III—(cont.). 


Average body ' 
No. of weight at —- ome 
rats. implant 9%) & 
0. . 


(g-)- 


Median 

tumour 

weight 
(g-). 


+35- 
24- 


444°: 
+30- 
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TaBLE III—(cont.). 
Average body Average change Medium 


No. of weight at : tumour - * 
Group. ote. implant “ee weight Ratio. 
0). 


(g.). (g.). 
selena Galetie : 7 ' 
Exp. XIV. 


Pre-implant . : , . +11: 
Post-implant . , ‘ ~  +l5-% 
Controls . ; ‘ : , +22°% 


Exp. XV. 


Pre-implant. . - 9 . %1200 . +14 
Post-implant . £2 3 Tee... 2a 
Controls . : eee 150-0 «x +25: 


* Ratio is mg. tumour weight per g. body-weight gain. 


DISCUSSION. 


Ball and Samuels (1938) have shown that the growth of tumours implanted 
into hypophysectomized rats is greatly reduced in rate, but that a progressive 
development of malignant tissue continues. Recently the authors (Funk, Ehrlich, 
Tomashefsky and Soukup, 1950a; Funk, Tomashefsky, Ehrlich and Soukap, 
19506) have shown that in hypophysectomized rats the tumour grew to one-sixth 


the size of the tumours in intact animals, and that the administration of certain 
anterior pituitary extracts partially counteracted the effect of hypophysectomy 
on the tumours. In the same paper we were able to show that an enriched diet 
was able to restore, in a small way, the growth of the tumour. Using the enriched 
diet in our present work, we have attempted to restore tumour size by the 
administration of some anterior pituitary hormones and serum gonadotropin. 

Growth hormone increased tumour weight of hypophysectomized animals so 
treated. However, this increase is directly proportional to the increase in body 
weight due to the hormone. Thus, tumour weight difference per g. body weight 
difference is the same for both growth hormone treated and intact animals 
using untreated hypophysectomized animals as the base. It would appear that 
the influence of growth hormone on tumour growth is related to its effect upon 
the general metabolic condition of the animal. 

This is not true for ACTH and thyrotropic hormone. These two hormones 
cause a greater increase in tumour growth than could be expected from their 
effect upon body growth, using the same criterion. The ratio of tumour 
weight to body weight gain in adrenalectomized animals seems to confirm the 
fact that without adrenal hormones the tumour does not grow as well as in 
intact rats. This is the opposite of the effect of ACTH treatment. The restorative 
effect of the latter hormone and the decreasing effect of the operation, greater 
than their respective actions upon body growth, show a clear effect on the tumour 
itself. Our data are not as clear in the thyroidectomy experiments, however ; 
in one experiment the tumour-body weight ratio is indicative of the depressant 
effect of this operation upon the tumour. In the other experiment the adminis- 
tration of thyroxine to a thyroidectomized animal had the same effect as thyro- 
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tropic hormone given to a hypophysectomized animal. This effect was an 
increase in tumour size greater than could be expected from the body growth. 

The effect of FSH and serum gonadotropin on hypophysectomized animals 
was not very marked either on absolute tumour weight or on tumour weight per 
g. body weight gain. Lactogenic hormone may have some effect upon tumour 
weight according to the second criterion. The removal of the gonads (male and 
female) partially corroborated these findings. Orchidectomy had apparently little 
effect upon tumour size, but ovariectomy produced a significant decrease in such 
size per g. body-weight gain. The treatment of castrated males with testosterone 
may have stimulated tumour growth. 

Splenectomy may have had some effect upon increasing tumour size by both 
criteria. 

While it is clear that diabetes per se reduces tumour growth, it is not so clear 
whether or not this reduction is related to body weight. 

It has been shown by McEuen and Thomson (1933) that the reduced rate of 
tumour growth in hypophysectomized animals could not be solely attributable 
to the concomitant metabolic deficiency. In their studies on intact animals, 
Evans, Moon, Simpson and Li (1950) have found that only by long-continued 
treatment with growth hormone were they able to produce neoplasms, while 
Shulman and Greenberg (1949) in a shorter experiment, using intact mice, found 
no effect upon tumour growth with this hormone. We (Funk, Ehrlich, Toma- 
shefsky and Soukup, 1950a) have been able to show, using tissue extracts, that 
it is possible to increase the rate of tumour growth, the increase in tumour size 
being accompanied by a greater loss in weight than is found in control animals. 

It would appear, then, that the ability of the hormones found to restore 
tumour growth, except possibly growth hormone, is not entirely due to their 
influence upon the general metabolism of the animal, but may be due in part 
to some effect upon the tumour itself. Since the hormones used were them- 
selves only as pure as they can be made to-day, it may be possible that the 
effect they may have had upon the tumour growth was not due to the hormones 
per se, but, in fact, to an unknown substance common to them all. Further work 
to test this is now being carried out. 


SUMMARY. 


Using the criterion of the ratio of tumour size to body-weight gain, it was 
found that growth hormone, serum gonadotropin and follicle stimulating hormone 
had very little effect upon the growth of implanted tumours in hypophysec- 
tomized rats. Adrenocorticotropic hormone, thyrotropic hormone and lacto- 
genic hormone seemed to stimulate tumour growth. 

In otherwise intact animals, orchidectomy, splenectomy and thyroidectomy 
had only slight effects, respectively, upon the tumour, using similar criteria. 
Adrenalectomy and ovariectomy reduced tumour growth. 

Alloxan diabetes reduced tumour growth per se, but it is not clear whether 
this is a general metabolic effect. 
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